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^ (57) Abstract: Methods for engineering a target activated biosensor are provided Biosensors comprise a plurality of nucleic acid 
2 sensor molecules labeled with a first signaling moiety and a second signaling moiety. The nucleic add sensor molecules recognizes 
target molecules which do not naturally bind to DNA. Binding of a target molecule to the sensor molecules triggers a change in the 
^ proximity of the signaling moieties which leads to a change in the optical properties of ^ nucleic acid sensor molecules on the 
^ biosensor. Reagents arid systems for performing the method are also provided. The method is useful in diagnostic applications and 
^ drug optimization. 
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TARGET ACTIVATED NUCLEIC ACm BIOSENSOR 
AND METHODS OF USING SAME 

^ Field of the Invention 

The inv^ticm relates generally to nucleic acids and more particularly to nucleic acid 
sensormolecdes. 



Backgroand of the Invention 

10 In addition to carrying genetic information, nucleic acids can adopt complex three- 

dimensional structures. These three-dim^ional structures are capable of specific binding to 
target molecules and, furthermore, of catalyzing chemical reactions. Nucleic acids will thus 
provide candidate detection molecules for diverse target molecules, including those which 
that do not naturally buid to DNA or KNA. The aptamer selection method ("In vitro selection 

IS of RNA molecules that bind specific ligands") (Ellington and Szostak, 1990) exploits this 
property of nucleic acids. In tqptamer selection, combinatorial libraries of oligonucleotides are 
screened to identify oligonucleotides, or aptamers, which bind with higb afiSnity to pre- 
selected targets. 

Both small biomolecules (e-g., amino acids, nucleotides, NAD, S-denosyl methionine 
20 chlorami^enicol), and large biomolecules (thrombin, Ku, DNA polymerases) are effective 
targets foriqitamers. 

The afBnities of aptamers range j&om dissociation constants (Kd>s) of, e.g., 0.3 pM to 
500 nM, witii most aptamers having bindmg affinities in the range of 1-10 nM. Recent 
observations suggest that simple changes in the chemical structure of the oligoniKleotides in 

25 aptamer libraries, such as 2'-fluorosubstitutions iu the pyrimidines can increase these 
affinities by 1 to 3 orders of magnitude. An increase in the specificity of binding is also 
observed. For example, a modified anti-human kerattnocyte growth factor (hKGF) aptamer 
has be^ shown to bind hKGF five times more tightly than ratKGF, 10* to 10^^ times more 
tig^tiy than related growtii factors, and 10^^ times more tightiy than an unrelated protein, such 

30 as tiirombin (Pagratis, Ct al. 1997). Gold, et al. (1995, 1997), Fitzwatea-, Ct a!. (1996), and 
Eaton, et al.(1995) also rq}ort increases in the affinity and specificity of aptamer binding 
upon chmical modification. 

Aptamer biosensors have been used to detect specific analyte molecules. For example, 
fluorescentiy labeled anti-thrombin aptamers attached to a glass surfi^ce have been used to 
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detect the presence of thrombin proteins in a sample by detecting changes in tiie optical 
properties of the aptamers (Potyrailo, et al, 1998). In this system, binding of thrombin to tiie 
labeled aptamer is monitored by detecting fluorescent emission of tiie aptamer upon 
excitation by an evanescent field. A method of detecting binding of a ligand to an aptamer 
3 has also been described which relies on the use of fluorescence-quenching pairs whose 
fluorescence is sensitive to changes in secondary structure of the aptamer upon ligand 
binding (Stanton, et al. 2000). However, ligand-^nediated changes in secondary structure 
were engmeered into ifae aptamer molecule via a laborious engineering process in which four 
to six nucleotides were added to the 5' end of the {^rtamer that was complementary to tiie 

10 bases at the 3' end of the thrombin bmding region. In the absence of Orombin, this structure 
forms a stem loop structure^ while it forms a &quart^ structure in the presence of flmmbin. 
Fluorescent and quendiing groups attached to &e 5' and 3' eaA signal Has diaoge. 

Other nucleic acid-based detection schemes have exploited the ligand-sensitive 
catalytic properties of some nucleic adds, e.g., such as ribozymes. For example, Robertson 

IS and Ellmgton (2000) have demonstrated that a ribozyme which acquires a ligase activity 
upon ligand binding can be used to detect a ligand by monitormg the ligation of a small, 
labeled second oligonucleotide to the ribozyme. In a complementary approach, labeled 
allosteric ribozymes which und^o cleavage upon binding to a ligand have been used to 
detect ligand by monitoring the release of the label &om the ribozyme (Soukup, et al., 2000, 

20 and Breaker, 1998). However, all of these detection techniques sulBfer from the disadvantage 
that the ligand-activated ribozyme is iireversibly modified in the course of generating a 
signal. Thus, tiiese types of ribozymes can be used only once in an assay. Furthermore, signal 
generation is slow with these ribozymes and can take from one minute to one hour or more. 

25 Summary of the Invention 

The mvention is based in part on the discovery of nucleic acid target activated 
biosensors that include nucleic acid sensor molecules whose optical properties change upon 
bmduig to a target molecule. The invention provides a target activated biosensor which can 
be used in multiple assays for the detection of a target molecule. The biosensor aocordmg to 
30 the mvention is highly sensitive, with the ability to detect as few as 1 0^ to 1 0^ molecules of a 
target, and is highly specific, capable of distmguishing between closely related molecules. 
Target molecules are detected rapidly because recognition by the nucleic sensor molecules on 
the biosensor leads to immediate signal generation. The biosensors are ideal for use in a 

2 
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clinical laboratory, a£fording simple, easily automated chemistry during selection and 
engineering, and easily automated chemistry during the detection process. The same 
bios^ors which are used for performing diagnostic assays can be used in the development 
of new drugs. 

5 Among the advantages of the invention are that it provides a biosensor reagent that 

can detect and signal fte presrace of a ligand (target) or analyte in solution, but which does 
so even after the ligand is removed, or after tte ligand-biosensor complex dissociates. The 
nucleic acid sensor molecules described herem inchide those comprising a target molecule 
activation site which conqirises a structure which ^jecifically interacts vfifh a target molecule 

10 and an qpticai signaling unit The optical signaling unit includes at least one nucleotide 
coiq^led to a signaUng moiety. Goieration of a signal by ttie signaling moiety is sensitive to 
the conformational changes in the nucleic acid sensor molecule which occurs upon allosteric 
activation of the target molecule activation site by a target molecule. Allosteric activation of 
the nucleic acid sensor molecule can result in an irreversible change in the optical signaling 

15 properties of the optical signaling unit. Alternatively, allosteric activation of the nucleic acid 
sensor molecule can result in a fully reversible change in the optical signaling properties of 
the optica] signaling unit In one embodiment, allosteric activation arises through binding of 
the target molecule to the nucleic acid sensor molecule at eith^ the target molecule activation 
site^ at die optical signaling unit itself, or at a site comprised of part of the target molecule 

20 activaticm ate and part of the optical signaling unit In one embodunent of the uivention, 
allostmc activation, by the target molecule of the target activated biosensor results in 
irreveisible modification of the nucleic acid sensor molecule such that a detectable optical 
signal is generated continuously, even after the target molecule is separated IBrom the 
biosensor. Thus, in the present invention signaling does not require that target molecule 

25 rmain bound to the biosensor. 

In one aspect, the invention provides a nucleic acid sensor molecule that includes a 
target molecule activation site. The target molecule activation site includes, e.g., a structure 
that recognizes a target molecule, and an optical signalmg unit. The optical signaling unit 
includes at least one nucleotide coupled to a signalmg moiety; and the signaling moiety 

30 changes its optical properties (e.g., the signaling moiety may generate a signal) upon 

allost^c modulation of the nucleic acid sensor molecule following recognition of the target 
molecule. 
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In one embodiment, a diagnostic system is provided comprising at least one biosensor 
and a optical signal detector in optical communication with the biosensor. The invention 
fiirther relates to m^faods of using the diagnostic systems in the detection of targ^ molecules 
associated with disease and for tiie development of drugs effective against disease. Reagents 
S and kits usefiil for performing the m^ods are also provided. 

In another embodfanent of the inv^tion, flie molecular switch is an aflBnity tag (e.g. 
biotin, digoxigenin) whose activity is ahered by the presmce of the target In the presence of 
tiie target, the afiinity tag becomes active and can drive association betwera the sensor 
molecule and fte bmding partner of the afBnity tag (e.g.» streptavidin» anti*-DIG). Optical 

10 signaling mediated by the afSnity tag bindmg partner (e.g. light generation by luci&rase^ 
conjugated streptavidin) can thus be localized to the sensor and thus provide a means for 
detecting the presence of tihe target. Changes in the local environment or relative proximity 
of the optical sensors associated with tiie nucleic acid sensor molecule can come about as a 
result of (I) target-induced conformational changes in die sensor, (2) chemical changes 

15 mduced by the sensor molecule itself, or (3) by catalysts acting upon the sensor molecule. Jn 
the first case, target may specifically mteract with the s^sor to drive it fiom one 
conformation into another or from an unfolded state into a folded state. In the second case^ 
the sensor molecule is ribozyme or deoxyribozyme whose activity is controlled by die 
presence of the target. In the third case, the sensor is a substrate for modification by chemical 

20 agents or catalysts (e.g. enzymes). The extent to which the sensor serves as a substrate is 
controlled by the presence of the target (which may act directly as flie chemical 
agent/catalyst, as a regulator of the chemical agent/catalyst, or as a regulator of the sensor to 
dhiange its susceptibility to the chemical agent/catalyst). 

In one embodimoi^ the target activated biosensor is used to detect a target molecule 

25 through change in die optical properties of the nucleic acid scosar molecule which occur 
upon bmding of die.nucleic acid molecule to foe target moleciile. The invention makes use of 
a molecular switdb which is activated upon binding of a target to a nucleic acid molecule. In 
one embodunent, foe molecular switch is a fluorescent label whose light emission is 
quendied by foe proximity of a quoicher. Bindmg of a target molecule to foe nuclric acid 

30 molecule causes foe label and foe quencher to be separated fiom each ofoer sndi diat foe 
fluorescent efficiency of foe label dramatically increases. In anofoor embodimeol; foe 
molecular switdi is a fluorescrace enei^ transfor (FRET) pah-. Binding of a target molecule 
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to the nucleic acid sensor molecule causes a change in the distance between donor and 
acceptor groups, leading to a change in the optical properties of the molecule. 

In one embodiment^ die nucleic acid s^sor molecules are generated by selecting for 
nucleic acid molecules which have a target activatable catal3^c activity. In this embodiment; 
S a population of oligonucleotides is provided which are contacted with a target molecule, and 
a nucleic acid sensor precursor molecule is selected comprising a target molecule activation 
site to which the target molecule specifically binds. 

In some embodunents, binding triggers a conformation change in the molecule. Each 
oligonucleotide in the population comprises a random sequence; and, optionally, one or more 
1 0 fixed sequences coiq)led to the random sequence. The fixed sequence can contain at least a 
portion of a catalytic site for catalyzing a chemical reaction (the raoiammg portion can be 
supplied by the random sequence). The catalytic site can be, but is not Umited to, a ligase site, 
a self-cleaving site, the catalytic site of a Group I intron, the catalytic site of a Group n 
intron, the catalytic site of a hammerhead ribozyme, hairpin ribozymes, HDV ribozymes, LI 
IS ligase, Bartel ligase, self-biotinylating ribozymes, and Lorsh kinase. 

In one embodiment, the fixed sequence further mcludes sequences to aid in cloning 
and/or sequencing of identified molecules. Such sequences include PGR primer activation 
sites, promoter sequences to direct in vitro tanscription, RNA polymerase primer activation 
sites, restriction enzyme recognition sites, and the like. The molecule also comprises a 
20 catalytic site which comprises a sequence capable of catalyzmg a chemical reaction upon 
binding of the taiget. molecule to the targ^ molecule activation she. 

Nucleic acid sensor precursor molecules are identified ^ich comprise a target 
activation site within the random sequence which binds specifically to a target molecule and 
whose catalytic activity is modifiable (e.g., activatable) by target molecule binding to the 
25 acthfation site. In one embodiment, die nuddc acid precursor is provide on a replkatable 
nucleic acid sequence (e.g., a plasmid). 

In one embodiment, the nucleic acid sensor precursor molecule is converted to a 
nucleic add s^isor molecule by deleting or modifyhig at least a portion of the catalytic site, 
rendering the catalytic site non-fiinctional and exposing a 3* nucleotide couplable to a first 
30 signaling moiety and a S ' nucleotide couplable to a second signaling moiety. Binding of the 
target molecule to die target molecule activation site changes the proximity of tiie first 
signaling moiety to the second signaling moiety Mdien the first and second signaling moieties 
are bound to the 3^ and 5' nucleotides, causing a change in the optical properties of the 
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nucleic acid sensor molecule. In one embodiment, the first signaling moiety is a donor 
fluoropbore and the second signaling moiety is a quenching molecule, and the donor 
fluorophore is quenched by the quenching molecule when the sensor molecule is unbound by 
target molecule. 

5 In one embodiment, the nucleic acid sensor molecule comprises a target molecule 

activation site which comprises a structure whidi specifically binds to a target molecule and 
an optical signaling unit. The optical signaling unit comprises at least one nucleotide coi^led 
to a signaling moiety; generation of a signal by the signaling moiety is sensitive to the 
confonnational changes in the nucleic acid sensor molecule which occur upm binding to a 

10 target molecule. In one onbodunent the optical signaling unit comprises a first nucleotide 
coiq)led to a Gr$t signaling moiety and a second nucleotide ooiqpled to a second ^gnaling 
moiety. The first and second signaling moieties diange thdr proximity to each other upcm 
binding of the target molecule to the target activation site. This change in inxiximity graerates 
a signal mdicative of the presence of a target molecule. In another mbodiment, tfie optical 

IS signaling unit consists of a single signaling moiety, mti^oduced at eidier an internal or 

terminal position within the nucleic acid sensor molecule. In this embodiment, binding of the 
target molecule results in changes in botii the confonnation and physical aspect (e.g., 
molecular volume or mass, and thus rotational difi[usion rate, etc.) of the nucleic acid sensor 
molecule. Conformational changes in the nucleic acid sensor molecule upon target binding 

20 will modify the chemical environment of the signaling moiety, while changes in Ae physical 
aspect of the nucleic acid sensor molecule will alter the kmetic properties of the signaling 
moiety. In both cases, the result will be a detectable change in the optical properties of the 
nucleic acid sensor molecule. 

In one embodiment, a target activated biosensor is provided which comprises a 

25 plurality of nucleic acid sensor molecules. The foios^isor according to the present invention 
can comprise nucleic acid sensor molecules which are fiee in solutioa Alternatively, the 
nucleic acid sensor molecules can be bound to a substrate such as a glass, silicon, 
nitrocellulose, nylon, plastic or o&er polymer, either covalently or noncovalently, directly or 
mdirectly (e.g., through a linker molecule), hi one embodiment, the target activated biosensor 

30 comprises at least two nucleic acid based-biosoisor molecules wifii bmdmg specifidties for 
difBsrent types of target molecules. 

bi one embodiment, a diagnostic system for the detection of at least one target 
molecule, is provided comprismg a nucleic acid based biosensor, and a detector in optical 
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communicatioii with the biosensor which detects changes in tbe optical properties of nucleic 
acid sensor molecules on said biosensor. In another embodiment, the diagnostic system^ 
liirther comprises a Ug^ source in optical communication with the biosensor and a processor 
for processing optical signals detected by the detector. In a further ^bodiment, the 
5 diagnostic system comprises a plurality of biosensors, each of i^ch can have a differ^t 
specificity fix* a target molecule. 

A kit is also provided comprising standardized reagents for detecting a target 
molecule using the nucleic acid sensor molecules accordmg to the uiv^on. The kit 
comprises a nucleic acid sensor molecule comprising a target activation site and at least one 
10 nucleotide couplable to a signaling nioiety. At least one additional reagent is provided 
comprising any of: reagents fin- attaching a first signaling moiety; reagents for attaching a 
second signaling moiety, control target molecules, and appropriate buffers for analyte 
detection. In a fiirth^ embodiment, complexes of target molecules and nucleic acid sensor 
molecules are provided. 

15 In one embodiment, the target activated nucleic acid biosensors are used to detect a 

target molecule. A biosensor is contacted with a sample and changes in the optical properties 
of the biosensor are determined which can be correlated to the pres^ice or absence of a target 
molecule in the sample. In one embodiment, the target molecule is associated with a 
pathological condition or a genetic alta^on. In another embodiment, a plurality of different 

20 target molecules are detected. In still a fiirtfaer embodiment, tihe detection of a plumlity of 
dififerent target molecules is used to create a diagnostic profile of the patient firom whom the 
sample is obtained. The profile can be correlated witii any of a wild type state, a pathological 
condition, or at least one genetic alteration. 

In one embodiment of invention, a method for identifying a drug compound is 

25 provided, comprising identifying a profile of target molecules associated with a disease trait 
in a patient, administering a candidate compound to the patient, and monitormg changes in 
the profile. In another embodiment, the monitored profile is compared with a profile of a 
healthy patient or population of healthy patients, and a compound >^diich generates a profile 
which is substantially similar to the profile of target molecules in the health patient(s) (based 

30 on routine statistical testing) is identified as a drug. In a fiirther embodiment, both the 
profiling and the drug identification step is performed using at least one sensor molecule 
whose properties change upon bmding to a target molecule. 
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In a further embodiment, a method for identifying a drug compoimd comprises 
identifying a plurality of pathway target molecules, each belonging to a pathway, monitoring 
tile level, chemical structure, and/or activity of pathway target molecules in a patient having a 
disease trait, administering a candidate compound to the patient, and monitoring changes in 

5 Ifae level, chemical structure, and/or activity of the pathway target molecules. In anorflier 
embodiment, the monitored level, diemical structure, and/or activity of the pathway target 
molecules is compared to fhe level and activity of pafliway target molecules m a wild type 
pati^t or patients. In a further embodiment, both the profiling of the phirality of pa&way 
target molecules and tiie Identification of a candidate dmg is performed using at least one 

0 sensor molecule whose properties change upon binding to the pathway target molecule. 
Properties accordmg to this aspect, include, e.g., optical properties, change in sequence, 
cbCTical structure, catalytic activity, or molecular weight In a preferred embodiment; sensor 
molecules are target activated nucleic acid sensor molecules. 

In one embodiment, samples firom a treated patient are tested in vitro; however, 

5 samples can also be tested ex vivo or m vivo. Because large numbra- of target molecules can 
be monitored simultaneously, the method provides a way to assess the ajQfects of compounds 
on multiple drug targets simultaneously, allowing identification of the most sensitive drug 
targets associated wi& a particular trait (e.g., a disease or a genetic alteration). 

Unless otherwise defined, all technical and scientific terms used herein have the same 

0 meaning as commonly understood by one of ordinary skill in the art to which this invention 
belongs. Although methods and materials similar or equivalent to those described herem can 
be used in the practice or testing of flie present invention, suitable methods and materials are 
described below. All publications, patent applications, patents, and other references 
mentioned herein are mcorporated by reference m then* entirefy. hi fhe case of conBict, the 

S present specification, mcluding definitions, will control. In additioi^ the materials, methods, 
and examples are illustrative only and are not mtended to be luniting. 

Other features and advantages of the invration wiU be apparent fiom the fi>llowmg 
detailed desoiption and clahns. 

0 Brief Description of the Drawings 

Figure 1 is a flow diagram showing a method for selecting nucleic acid sensor 
precursor molecules having a target molecule activatable ligase activity accordmg to one 
embodiment 

8 
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Figures 2A and B show a nucleic acid sensor precursor molecule according to one 
embodiment, in which the catalytic site inchides a ligase site. Figure 2A shows the 
conformation of the target molecule bound form of tiie nucleic acid sensor precursor 
molecule. Figure 2B shows the conformation of the non-target bound form of the nucleic acid 
5 • sensor precursor molecule. 

Figures 3 A and B show a nucleic add sensor molecule derived jSfom the nucleic acid 
sensor precursor molecule shown in Figures 2 A and B in which first and second nucleotides 
are labeled with first and second signaling moieties (P and respectively). 

Figure 4 is a flow diagram lowing a method for selecting nucleic acid sensor 
10 precursc^ molecules having a target molecule activatable self-cleavage activity according to 
one embodiment 

Figures 5A and B show a nucleic add sensor precursor molecule according to one 
mbodiment, in yMdti the catalytic site mchides a self-deavage site whidi is the catalytic 
core of a hanuneihead ribozyme. Figure 5A shows the conformation of the target molecule 

IS bound form of the nucleic add sensor precursor molecule. Figure SB shows tiie conformation 
of the non-target bound form of the nucleic acid senscH* precursor molecule. 

Figures 6A and B show a nucleic add sensor molecule d^ved from the nucleic acid 
sensor precursor molecule ^own in Figures 3 A and B m which first and second nucleotides 
are labeled with first and second signaling moieties (F and D, respectively), 

20 Figure 7 is a schematic diagram ilhistrating pathway target molecules according to 

one 10 mbodiment . 

Figure 8 is a flow chart showing steps in a drug optimization method according to one 
embodfanenl; m which nucleic acid sensor molecules are used at each step in the method. 

Figure 9A shows a nucleic acid sensor dmved from an aptamer beacon specific to 
2S thrombin in botli bound and unbound confirmations. Figure 9B shows protdn titration data 
g^nmted witii the nucleic acid sensors pictured in Figure 9A. 

Figure lOA shows an example of a self-cleaving nucleic acid sensor bound to a solid 
support when used in an epi-ilhuninated FRET detection sch^e. Figure lOB shows tiie same 
sensor in an epi-illummated beacon configuration, with the acceptor fluorophore replaced by 
30 a quencher group. Figure IOC shows the same sensor in an TIR-illununated beacon 
configuration. 

Figure 1 1 shows an example of a self-ligating nucleic add sensor bound to a solid 
support when used in a TIR-illuminated detection scheme where there is a signal increase 

9 
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Upon target binding. Figure 1 IB ^ows the same sensor in an epwlliuninated configuration, 
where target binding is detected by monitoring changes in the fluoresc^ce polarization of the 
fluorophore bound to the substrate. 

Figure 12 illustrates the use of beads in a homogeneous assay format utilizing a self- 
S ligating nucleic acid sensor. Figure 12A shows the beads prior to target binding and ligation 
(no emission from acceptor). Figure 12BA shows the beads after target binding and ligation 
(emission from acceptor detected). 

Figure 13A shows the physical basis fx FP-based detection using the aptamer 
beacon-derived sensor with a single fluorophore and no quencher* Figure 1 3B shows an 
10 unage acquired ynHh the scanning TJR/PMT detection system described in Figure 14 of a 4- 
element biosensor on a glass substrate. Figure 13C shows an FP titration curve generated 
with the tfirombin smsor m a biological fluid of diluted human serum. 

Figure 14 shows a schematic of a previously constructed scanning detection system 
utilizmg TIR laser evanescent wave excitation m either large area illumination/CCD imaging 
15 mode, or scanned spot/PMT imagmg mode. The schematic shows how an array can be 
scanned and FP or fluorescence intensity data extracted. 

Figures 1 5A and ISB are sdiematic diagrams showing the nucleotide sequence of an 
ERKl riboreporter. 

Figure 16 is a schematic diagram showing the nucleotide sequence of a ppERK 
20 riboreporter. 

Detailed Description of the Invention 
The invention provides allosteric nucleic acid sensor molecules whidi change their 
con&rmation and/or activity m refuse to target molecule bmdmg. The sensor molecules 
25 comprise a target activation site and a nucleotide couplable to at least one ^gnalmg moiety. 
Labelmg the nucleic acid sensor molecules witii first and second signaling moieties generates 
an optical signalmg unit which is capable of changing its optical properties in response to the 
butding of a target molecule tiuuugfa changes in the proxunity of the first and second 
^gnalmg moieties. In one embodhn^t, a plurality of nucleic add sensor molecules are 
30 provided, either m solution, or unmobilized on a substrate, gei^rating a target activated 

biosensor. In a iuither embodiment, a diagnostic system is provided y/tddh comprises at least 
one biosensor in optical communication whh a optical signal detectCHr. Methods of using the 
diagnostic system are also i»x>vlded, as well as kits for perfonnmg the method. 

10 
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In order to more clearly and concisely describe and point out the subject matter of the 
claimed invention, the following definitions are provided for specific teims which are used in 
the following written description and the appended claims. 

As defined herein, a "^oligonucleotide" is used interchangeably witih the term ''nucleic 
5 acid" and includes KNA Of DNA sequences of more tihan one nucleotide in <^ct single 
strand or double-stranded form. A ^'modified oligonucleotide'' includes at least one residue 
with any of: an altered intemucleotide linkage(s), altered sug8r(s), altered base(s)» or 
combinations thereof. 

As defined herein, a ^target molecule'' is any molecule to be detected. The term 
10 'laiget molecule'' refers to any molecule for which an aptamer exists or can be gen^'ated for, 
and can be naturally occurring or artificially created. 

As defined herein, '^a signature target molecule" is a target molecule whose 
expression is correlatable with a trait in an individual. 

As used herein, a "di^ostic signature target molecule'' is a target molecule whose 
1 5 expression is, by itself or in combination with other diagnostic signature target molecules, 
. diagnostic of that trait. 

As used herein, **pa1hway target molecules" are tai^et molecules involved in die same 
pathway and whose accumulation and/or activity is depradent on other pathway target 
molecules, or whose accumulation and/or activity affects the accumulation and/or activity of 
20 otiier pathway target molecules. 

As used hmin, "signature pathway target molecules" refers to a plurality of target 
molecules whose expression/activity! and/or structural properties is diagnostic of a particular 
trait. 

As used herem, a molecule which '"naturally bmds to DNA or RNA" is one which is 
25 found within a cell in an organism found in nature. 

As ddwed herein, a "target activation site" is die portion at tibie fiiree^unensional 
stmctore of a sequence to which a target molecule specifically bmds. 

As used herein a "random sequence" or a "randomized sequence" is a segment of a 
nucleic acid having one or more regions of folly or partially random sequences. A fully 
30 random sequence is a sequence in which there is an approximately equal probability of each 
base (A, T, C, and G) being present at each position in the sequence. la a partially random 
sequences, instead of a 25% chance that an A, T, C, or G base is present at each position, 
there are unequal probabilities. 
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As defined herein, "a fixed regiOTi" is a sequence which is selected or known. 

As defined herein, "amplifying" means any process or combination of process steps 
that increases the amount or number of copies of a molecule or class of molecules. 

As defined herein, a "nucleic acid sensor precursor molecule" is a nucleic acid 
5 molecule comprismg at least the portion of a sequence comprising the target activation site, 
and a catalytic site which catalyzes a chemical reaction, the catalytic site being activatable by 
bindmg of a target molecule to the target activation site. 

As defined herein, "a nucleic acid sensor molecule" is a nucleic add seosor precursor 
molecule to which has been added, or mto which has been mserted, an optical signal 
0 generating unit 

As defined hsx&Sk an ""optical signal geaersimg unif ' is one or more sequences which 
change optical properties in response to a change in the conformation of a tiie nucleic acid 
sensor molecule. 

As defined herein, a nucleic acid sensor precursor molecule or a nudeic acid sensor 
S molecule whidi '"recognizes a target molecule" is a an nucleic acid molecule which 

recognizes a target molecule with a much higher degree of afBnity than it binds to non-target 
materials in a sample. The recognition event between the nucleic acid s^sor precursor 
molecule or nucleic acid sensor molecule need not be permanent during the time in which the 
resulting allosteric modulation occurs. Thus, the recognition event can be transient wifli 
iO respect to the ensumg allosteric modulation (e.g., confonnational change) of the nucleic acid 
precursor molecule or nucleic acid sensor molecule. 

In some embodim^ts, the nudeic acid s^sor molecule may bind, e.g., specifically 
bmd, to a target molecule. As defined herein y'^binds specifically to a target molecule" is a an 
nucleic acid molecule which binds to a target molecule ^dth a much hi^er degree of afGnity 
\5 tiian it binds to non-target materials in a sample. The Kd of a nucldc add sensor precurscft' 
molecule for its target molecule is at least about 30-fold greater than for non-target molecules 
ma sample. 

As used herein, "profilmig nucldc add sensor molecules" are nucleic add sensor 
molecules activatable by diagnostic target molecules. 
\0 As defined herem, "pathway nucldc acid s«isor target moleculesi" are nucldc add 

sensor molecules activatable by pathway target molecules. 

As defined herein, a "^biosensor" comprises a plurality of nucleic acid sensor 
molecules. 

12 
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As defined herein, a "profiling biosensor'" comprises a plurality of profiling nucleic 
acid sensor molecules which can be used to monitor or profile the expression of a plurality of 
different profile target molecules simultaneously. 

As defined herein, "pathway profiling biosensor" comprises a plurality of pathway 10 
S nucleic acid sensor molecules which can be used to monitor the expression of a plurality of 
differ^ pathway target molecule simultanerasly. 

As defined herein, an '^an-ay^ or "^nicroarmy^ refei^ to biosaasor 
plurality of nucleic acid sensor molecules on a solid substrate. 

As defined herein, a ""substrate^' refers to any physical siqjporting surface, whether 
10 rigid, flexible, solid, porous, gel-based, or of any other material or composition. 

As defined herein, "ligation" is the formation of a covalent bond between substrate 
molecules (one of which may be the catalyst responsible for the ligation event). 

I. Generating a Target Specific Nucleic Add Sensor Molecule 

15 

Nucleic acid sensor precursor molecules are selected which have a target molecule^ 
sensitive cata]3^c activity (e.g., ligation or self-cleavage) fi-om a pool of randomized 
oligonucleotides. The precursor molecules have a target activation site to which the target 
molecule specifically binds and a catalytic site for mediating a catalytic reaction. Binding of a 

20 target molecule to llie target activation site triggers a conformation change and/or change in 
activity in the nucleic acid sensor precursor molecule whidi activates the catalytic site. In 
one embodiment, by modi^g (e.g., removmg) at least a portion of the catalytic site and 
. coupling it to an optical signal generating unit, a nucleic acid sensor molecule is generated 
whose optical properties diange upon binding to a target molecule. In one embodiment, the 

25 pool of randomized oligonucleotides comprises the catalytic site of a ribozyme. 

A. Selecting Nuckic Acid Sensor Precursor Molecules 
In one embodiment, a heterogeneous population of oligonucleotide molecules comprising 
randomized sequences is screened to identify a nucleic acid sensor precursor molecule havmg 
30 a catalytic activity which is modified (e.g., activated) by binding of a targ^ molecule. Each 
oligonucleotide in the population comprises a random sequence and at least one fixed 
sequence at its 5' and/or 3' end. In one embodhnent, the fixed sequence comprises at least a 
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portion of a catalytic site. In the embodiments shown in Figures 1 and 4, the random 
sequence is flanked at both ends with fixed sequences. 

In one anbodiment, tiie random sequence portion of the oligonucleotide is about 15- 
70 (e.g., 30-40) nucleotides in length and can comprise ribonucleotides and/or 

5 deoxyribonucleotides. Random oligonucleotides can be synthesized from phosphodiester- 
linked nucleotides a using solid phase oligonucleotide synthesis techniques well known in the 
art (see, e.g., Froehler, et al., 1986a; 1 986b; the entirety of \^*ich are mcorporated by 
reference herein). Oligonucleotides can also be synthesized using solution phase methods 
such as triester synthesis methods (see, e.g., Sood, et al., 1977, and ISrose^ et al., 1978). 

10 Typical syntheses carried out on automated DNA synthesis eqnifnnent yidd lO^MO^^ 

molecules. Sufficiently large regions of random sequence in the sequence design unply that 
each synthesized molecule is likely to represent a unique sequ^ice. 

To syntiiesize randomized sequences, mixtures of all four nucleotides are added 
during at each nucleotide addition step during die syntfiesis process, allowing for random 

15 incorpc^-ation of nucleotides. In one embodiment, random oligonucleotides comprise entirely 
random sequences; however, in other embodiments , random oligonucleotide can comprise 
stretches of nonrandom or partially random sequences. Partially random sequences can be 
created by adding the four nucleotides in different molar ratios at each addition step. 
To g^erate oligonucleotide populations which are resistant to nucleases and 

20 hydrolysis, modified oligonucleotides can be used and can include one or more substitute 
intemucleolide linkages, altered sugars, altered bases, or combinations thereof. In one 
embodiment, oligonucleotides are provided in which the P(0)0 group is replaced by P(0)S 
("Ihioate'O, P(S)S ("dithioate"), P(0)NR2 Camidate"), P(0)R, P(0)OR', CO or CH2 
Cformacetal") or 3 '-amme (-NH-CH2-CH2-), wherem each R or R' is independently H or 

25 substituted or unsubstituted alkyl. Linkage groups can be attached to adjacent nucleotide 
thmugh an -0-lmkage or ^ug^ an -N-or -S- Imkage. Not all linkages in the oligonucleotide 
are required to be identical. 

In further embodiments » the oligonucleotides comprise modified sugar groups, for 
example> comprising one or more of the hydroxy] groups replaced with halogen, aliphatic 

30 groups, or fiinctionalized as ethers or amines. In one embodiment, the 2'«podtion of the 

fiiranose residue is substituted by any of an 0-methyl, 0-alkyl, O-allyF, S-allqi S-ally!, or halo 
group. Mrfhods of synthesis of 2'-modified sugars are described in Sproat, et al., 1991; 
Gotten, et al., 1991; and Hobbs, et aU 1973; the entu-ety of which are incorporated herein by 



WO 02/22882 



wo 02/22882 . PCT/USOl/28835 

reference. The use of 2 '-fiuoro-ribonucleotide oligomer molecules can increase the 
sensitivity of a nucleic acid sensor molecule for a target molecule by ten-to one hundred-fold 
over Aose generated using unsubstituted ribo- or deoxyribooligonucleotides (Pagratis, el al., 
1997), providing additional binding interactions with a target molecule and increasing the 
5 stability of the nucleic acid sensor molecule's secondaiy structure(s) (Kraus, et al., 1 998; 
Pieken, et ai., 1991; Lin, et al., 1994; JeUinek, et al. 199S; Pagratis, et al., 1997). 

Jn the embodiments shown in Figures I and 4, tiie random sequence portion of the 
oligonucleotide is flanked by at least one fixed sequence which comprises a sequence shared 
by all the molecules of the oligonucleotide population. Fixed sequ^ces include sequences 

10 such as hybridization sites for PCR primers, promoter sequences for RNA polymerases (e.g., 
T3, T4, T7, SP6, and tfie like), restriction sites, or homopolymeric sequences, such as poly A 
or poly T tracts, catalytic cores (described further below), sites fcM* selective binding to 
a£Gnity columns, and other sequences to facilitate cloning and/or sequencing of an 
oligonucleotide of interest In one embodiment, the fixed sequence is approximately SO 

15 nucleotides in length. 

In a preferred embodiment, the fixed sequence comprises at least a portion of a 
catalytic site of an oligonucleotide molecule (e.g., a ribozyme) capable of catalyzing a 
ch^nical reaction. Catalytic sites are well known in the art and include, e.g. a ligase site (see 
Figure 2), the catalytic sites of Group I or Group n introns (see, e.g., U.S. Patent Number 

20 5,780,272), the catalytic core of a hanmieihead ribozyme (see, e.g., U.S. Patent 

Number5,767,263 and U.S. Patent Number 5,700,923, and Figure 3, herein) or a hairpin 
ribozyme (see^ e.g., U.S. Patait Number 5, 631,359. Other catalytic sites are disclosed in U.S. 
Patent Number 6,063,566, Koizumi et al., FEBS Lett. 239: 285-288 (1988X Haselofif and 
Gerlach, Nature 334: 585-59 (1988), Hampel and Tritz, Biochemistry 28: 4929-4933 (1989), 

25 L Uhlenbeck, Nature, 328: 596-600 (1987), and Fedor and Uhlenbeck, Proc. Natl. Acad. Sci. 
USA 87: 1668-1672 (1990)). 

Nucleic add s^osor precursors are genmlly selected in a 5 to 20 cycle procedure. In 
one embodiment, heterogeneity is introduced only in the initial selection Stages and does not 
occur throughout the replicating process. Figure 1 shows a schematic diagram in which the 

30 oligonucleotide population is screened for a nucleic acid sensor precursor molecule which 
comprises a target molecule activatable ligase activity. 

In this embodiment the ligation reaction involves covalent attachment of an 
oligonucleotide substrate to the 5'-end of the sensor precursor through formation of a 
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phosphodiester linkage* Other ligation chemistries can form the basis for selection of sensor 
precursors (e.g. oligonucleotide ligation to the 3'-end, alkylation's (Wilson & Szostak), 
peptide bond formation (Zhang & Czech), Diels-Alder reactions to couple alkenes and dienes 
(Seelig & Jaschke), etc.). For some chemistries, the chemical fimctional groups that 

5 constitute the reactants in the ligation reaction may not naturally appear within nucleic acids. 
Thus, it may be necessary to synthesize an RNA pool in whidi one of Ae ligation reactants is 
coval^tly attached to each member of the pool (e.g. attaching a primary amine to the S'-end 
of an RNA to enable selection for peptide bond formation). 

In tlus embodiment, the oligonucleotide population is initially screened in a negative 

0 selection procedure to elimmate any molecules which have ligase activity ev^ m the absence 
of target molecule binding. A solution of oligonucleotides (6.g., 100 pM) con^rising a 5' and 
3* fixed sequence (*'S'-fixed: random: 3'-fixed") is denatured with a 3* primer sequence ^3' 
prime'O (e.g., 200 pM) which bmds to at least a portion of tiw 3* fixed sequence, hi one 
embodiment, the 5^fixed:random:3*-fixed sequence is 5'- 

5 GGACUUCGGUCCAGUGCUCGUGCACUAGGCCGUUCGACC-N30.50 

CUUAGACAGGAGGUUAGGUGCCUCGUGAUGUCCAGUCGC-3' (SEQroNO:!). 
where N rqsresents a random sequence having 30 to 50 nucleotides and the 3* primer 
sequence used is 5'-GCGACTGGACATCACGAG-3 ' (SEQ ID N0:2). 

Ligation buffer (e.g., 30 mM Tris HCI, pH 7.4, 600 mM NaCl, 1 mM EDTA, 1% NP- 

0 40, 60 mM MgCh) and a tagged substrate sequence("tag-substrate") (e.g., Tag-UGCCACU) 
are added and the mixture is incubated for about 1 6 to about 24 hours at 15°C in the absence 
of target molecule (STEP 1). Tags encompassed within the scope include, e.g., radioactive 
labels, fiuorescent labels, a chemically reactive species such as thiophosphate the first 
member of a binding pair comprising a first and second bfaiding member, each member 

5 bindable to the other (e.g^ biottn, an antigra recogniiced by an antibody, or a tag nucleic acid 
sequence). Hie reaction is stopped by the addition of EDTA. Alternatively, die reaction can 
be tmimated by removal of the substrate or addition of denaturants (e-g. urea, formamide). 

Ligated molecules are removed fit>m pool of selectable molecules (STEP 2), 
generating a population of oligonucleotides substantially free of ligated molecules (as 

0 measured by absence of the tag sequence in the solution). In the embodunent shown in Figure 
1, the tag is tiie first memb^ of a bindmg pair (e.g., biotin) and the ligated molecules 
C*biotin-substrate:3'-fixed:random:3 *-fixed") are physically rraioved fi-om the solution by 
contacting tiie sample to a solid suf^ort to which the second mmber of the binding pair is 
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bound ("5**) (e.g., streptavidin). The eluant collected comprises a population of 
oligonucleotides enriched for non-ligated molecules (5'-fixed:random:3'-fixed). It should be 
xeadily appar^ to Ifaose of ordinary skill in die art that this step can be repeated multiple 
times until the oligomicleotide population is substantially free of molecules having target- 

5 insensitive llgase activity. 

Hiis step allows for suppression of flie ability of constitutiveiy active molecules to be 
carried through to the next cycle of selection. Physical separaticxi of ligaled and unligated 
molecules is one mechanism by which this can be achieved. Alternatively, the negative 
selection step can be configured such diat catalysis coveits active molecules to a form that 

10 blocks Iheir ability to be either retained during the subsequent positive selection stq) or to be 
amplified for the next cycle of selecticHi. For example, the substrate used for ligation in the 
negative selection step can be synthesized without a capture tag. Target-independent ligases 
covalendy self-attach the untagged substrate during the negative selection step and are then 
unable to accept a tagged form of the substrate provided durmg the positive selection step 

15 that follows. In another embodiment, die oligonucleotide substrate provided during the 
negative selection step has a different sequence &om that provided during the positive 
selection step. Wh^ PGR is carried out using a primer complementary to the positive 
selection substrate, only target-acdvated ligases will be cqpabfe of amplification. 

A positive selection phase follows. In this phase, more 3* primer and tagged substrate 

20 are added to tfie pool resulting fi-om the negative selection step. Target molecules are then 
added to form a reacted solution and the reacted solution is incubated at 2S*'C for about 2 
hours (STEP 3). Target molecules encompassed within the scope mclude, e.g., proteins or 
portions thereof (e.g., receptors, anttg^ antibodies, enzymes, growth fiictors), peptides, 
enzyme inhibitors, hormones, carbohydrates, polysaccharides, glycoproteins, lipids, 

25 phospholipids, metabolites, metal ions, cofactors, inhibitors, drugs, dyes, vitamins, nucleic 
£lcids, mmbrane stmctures, recq>tors, organelles, and vmises. Target molecules can be firee 
in solution or can be part of a larger cellular structure (e.g., such as a receptor embedded in a 
cell membrane). In one mbodunent, a target molecule is one which does not naturally bind 
to nucleic acids. 

30 la one embodiment, nucleic acid sensor molecules are selected which are activated by 

target molecules comprising molecules having an identified biological activity (e.g., a known 
enzymatic activity, receptor activity, or a knovwi structural role); however, in another 
embodiment, the biological activity of at least one of the target molecules is unknown (e.g., 
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the target molecule is a polypeptide expressed fix>m the open reading frame of an EST 
sequence, or is an uncharacterized polypeptide synthesized based on a predicted open reading 
frame» or is a purified or semi-purified protein whose fiinctic»i is unknown). 

Ahhough in one embodimoit the target molecule does not naturally bind to nucldc 

5 adds, in anoflier embodiment, the target molecule does bind in a.sequrace specific or non- 
specific manner to a nucleic acid sensor molecule. In a further embodhn^it, a plurality of 
taiget molecules binds to the nucleic acid sensor molecule. Selection for sensor precursors 
specifically responsive to a plurality of targ^ molecules (i.e. not activated by single targets 
wittun the plurality) may be achieved by including at least two n^ative selection steps in 

0 whidi subsets of the target molecules are provided. 

In still a fiirther embodiment, nucleic acid sensor precursor molecules are selected 
which bind specifically to a modified target molecule but which do not bhid to non-modified 
target molecules. Targeted modifications include, e.g., post-translational modifications of 
protein, such as phosphorylation, ribosylation , methylation (Arg, Asp, N, 5, or 0-directed), 

S prenylatlon (e.g., famesyl, geranylg»:anyl, and the like), acetylation, acylation, allelic 

variations within a protein (e.g., single amino acid dianges in a protein) and cleavage sites m 
a protein. In another embodiment, intennediates in a chemical synthesis pathway can be 
targeted, as well as starting and final products. In still a further embodiment, stereochemically 
distinct species of a molecules can be targeted. 

0 The reacted sohition is enriched for ligated molecules (biotin-substrate: 5*^ fixed 

:random:3 *-fixed) by removing non-tagged molecules (5* -fixedrauiom:3 '-fixed) fioin the 
sohiticxi. For example, in one embodiment, the tagged substrate comprises a biotin tag and 
ligated molecules are isolated by passing fiie reacted sohition over a solid siq;>port to vMoh 
streptavidin (S) is bound (STEP 4). Eluant containing non-bound, non-ligated molecules (S'- 

5 fixedntindom:3'-fixed) is discarded and bound, ligated molecules (biotin-substrate: S'- 

fixedarandom:3 '-fixed) are identified as nucleic acid sensor precursor molecules and released 
from the support by disrupting Ifae binding pair intmction which enabled capture of tiie 
catalytically active molecules. For example, heating to 95^ m the presence of 10 mM biofin 
allows release of biotin-tagged catalysts fiiom an immobilized streptavidin support, hi 

>0 another embodiment, the captured catalysts remain attached to a solid support and are directly 
amplified (described below) while immobilized. In another embodiment, the c^tured 
catalysts remain attached to a solid support and are directly amplified (described below) 
while immobilized. Multiple positive selection phases can be perfomied (STEPS 3 and 4). In 
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one embodiment, the stringency of each positive selection phases is increased by decreasing 
the incubation time by one half. 

Fhysically lemovmg inactive species fiom the pool adds strmgency to the selection 
process. However, to the extent that the ligation reaction mcreases the amplification potratial 
S of the active s^isor precursors, this step may be omitted. In tiie illustrated embodiment, for 
example^ ligation of an oligonucleotide to the active species provides a primer binding site 
that enables subsequent PCR anq>Iification using an oligonucleotide complementary to the 
original substrate. Unligated species do not necessarily need to be physically sq)arated fipom 
other species because they are less likely to amplify in tiie absence of a covalrafly tethered 

10 primer binding site. 

Selected nucleic acid sensor precursor molecules are amplified (or in the case of RNA 
molecules, first reverse transcribed, then amplified) using a substrate primer ("S primer") 
(e.g., 5 '-AAAAAATGCACTGGACT-3' (SEQ ID N0:3)) which specifically binds to the 
substrate sequence (STEP 5). In one embodiment, amplified molecules are fiirther amplified 

15 with a nested PCR primer that regenerates a T7 promoter CT7 Primer^ from the 5' fixed and 
the substrate sequence (STEP 6). Following transcription with T7 RNA polymerase (STEP 
7), the nucleic acid sensor precursor sequence pool may be fiuther selected and amplified to 
elhnmate any remaining unligated sequences (5'-fixed-jrandQm:3'-fixed) by repeating STEPS 
3-7. It should be obvious to those of sidll in the art that in addition to PCR» and RT-PCR, any 

20 number of amplification me&ods can be used (either enzymatic, diemical, or replication- 
based, e.Uf sudi as by cloning), either singly, or in combination. Kcemplary amplification 
methods are disclosed m Saiki, et aU 1985; Saiki, et al.» 1988; Kwoh, et al., 1989; Joyce, 
1989; and GuateUi, et al., 1990. 

Because the 3' prun^ (3 '-prime) (see STEP 3 in Figure 1) is inchided in the ligation 
25 mixture, selected nucleic acid sensor precursor molecules may require this sequence for 
activation. In cases where this is undesirable, the 3' primer may be omitted fiiom the mix. 
Alternatively, the final nucleic acid sensor molecule can be modified by attaching the 3 ' 
primer via a short sequence loop or a chemical linker to die 3* end of the nucleic acid sensor 
molecule, di^^y eliminating the requirement for added primer, allowing 3' primer sequence 
30 to self-prime the molecule. 

In another embodiment, as shown in Figure 4, an oligonucleotide population is 
sheened for a nucleic acid sensor precursor molecule which comprises a target molecule 
activatable self-cleaving activity. In this embodiment, the starting population of 
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oligonucleotide molecules comprises 5' and 3' fixed regions ("5'-fixed and 3' fixed A- 
3*jfixed B**) and at least one of the fixed regions, in Ms example, 3* fixed, comprises a 
ribozyme catalytic core including a self cleavage site (the junction between 3' fixed A-3 
'fixed B). In one embodiment, the 5'-fixed: random:3* fixed A-3 '-fixed B molecale is 

5 GGGCGACCCUGAUGAGCCUGG-N20.50- 

UUAGACGAAACGGUGAAAGCCGUAGGUUGCCC (SEQ IDNO:4), where 1^50 is a 
rand<xn sequ^ce of 20-50 nucleotides. 

The population of oligonucleotide molecules comprising random olignonucleotides 
flanked by fixed 5' and 3' sequences (S'-fixed:random:3'-fixed A: 3' fixed B) are negatively 

0 selected to remove oligonucleotides whidi self-cleave (i.e., S'-fixed7andom;3'-flxed-A 
molecules) even in the absence of targ^ molecules. The oligonucleotide pool is incubated in 
reaction buffer (e.g., 50 mM Tris HC 1, pH 7.5, 20 mM MgC12) for 5 hours at 25**C, 
punctuated at one hour intervals by incubation at 60°C for one minutes (STEP 1). In one 
embodiment, tiae uncleaved firaction of the oligonucleotide population (containing 5'-fixed 

5 and 3* fixed A-3'-flxed B molecules) is purified by denaturing 10% polyacrylamide gel 
electrophoresis (PAGE) (STEP 2). Target molecule dependent cleavage activity is then 
selected in the presence of target molecules in the presence of reaction bufifer by incubation at 
23'*C for about 30 seconds to about five minutes (STEP 3). Cleaved molecules (5*- 
fixed3:andom:3'fixed-A molecules) are identified as nucleic acid sensor precursor molecules 

0 and are purified by PAGE (STEP 4). 

Amplification of the cleaved molecule is perfixmed usmg primers which specifically 
10 bind the 5'-fixed and the 3'-fixed A sequences, regenerating tfie T7 promoter and the 3'- 
fixed B site (STEP 5), and the molecule is fiirtfaer aniplified farOier by RNA transcription 
using T7 polymerase (STEP 6). La one ^bodiment, the process (STEPS 1-6) is fq)eated 

S until the nucleic acid sensor precursor population is reduced to about one to five unique 
sequences. 

Ahemative methods for separating cleaved firom uncleaved RNAs can be used. Tags 
can be attached to the 3'-fixed B sequence and separation can be based upon separating 
tagged sequences firom non-tagged sequences at STEP 4. Chromatographic procedures tiiat 
0 separate molecules on the basis of size (e.g. gel filtration) can be used in place of 
electrophoresis. One end of each molecule in the RNA pool can be attached to a solid 
support and catalytically active molecules isolated upon release from the support as a result 
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of cleavage. Alternate catalytic cores may be used. These alternate catalytic cores and 
methods using these cores are also are encompassed widim the scope of the invention. 

Nucleic acid sensor precursors which combine both cleavage and ligase activities in a 
single molecule can be isolated by using one or a combination of both of the selection 

5 strategies outiined independently above for lig9ses and endonucleases. For example, the 
hairpin ribozyme is known to catalyze cleavage followed by ligation of a second 
oligonucleatide substrate (Berzal-Herranz al.)- Target activated sensor precursors based on 
the hairpin activity can be isolated from a pool of randomized sequence RNAs prepared as 
described previously with a sequence of the form S'- 

0 GGACnTACCTAACAAGAAACAONgaagtcaaccagNgaaac^ 
Nc1ggt(N2(r 

N5o)GGACCTACTC3AGCrGACAGTCCTGTTTGATGCATAC^ where 
N indicates any nucleotide, lower case letters represent doped nucleotides, and uppercase 
letters represent fixed nucleotides. Haiipin-based sensor precursors can be isolated on the 

5 basis of effector-dependent release of the fragment 5'- 

GUCCUGUUUGAUGCAUACCGAGUAAGUG.3' in tiie same way that hammerhead-based 
sensor precursors are isolated (e,g, effector-dependent increase in electrophoretic mobility or 
effector^ependent release from a solid support). Alternatively, sensor precursors can be 
selected on the basis of their ability to substitute the 3 '-sequence released upon cleavage for 

0 another sequence as described in an effect(^-independent manner by Berzd-Heranzetal. In 
this scheme, the original 3'-end of the ribozyme is released in an initial cleavage event and an 
exQgenously provided oligonucleotide substrate with a free S'^iydroxyl is ligated back on* 
The newly attached 3*-^d provides a primer binding site that can form the basis for 
preferential anq>lification of catalytically active molecules. Constitutively active molecules 

IS that are not activated by a provided efiector can be removed from the pool by (I) separating 
away molecules tiiat exhibit increased electrophoretic mobility (in the absence of an 
exogenous oligonucleotide substrate) in the absence of target, or (2) capturmg molecules that 
acquire an exogenous oligonucleotide substrate (e.g. using a 3'-biotinylated substrate and 
captured re-ligated species on an avidin column. 

0 Like the hairpin ribozyme, tiie group I intron self-splicing ribozymes combines 

cleavage and ligation activities to promote ligation of the exons that flank it. In the first step 
of group I intron-catalyzed slicing, an exogenous guanosme cofactor attacks the 5'-splice 
site. As a result of an intron-^ediated phosphodiester exchange reaction, tiie 5'-exon is 
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released coincident with attachment of the guanosine co&ctQT to the ribozyme. In a second 
chemical step, the 3'-hydroxyl at the end of the 5'-exon attacks the phosphodiester Imkage 
between the intron and the 3'-exon» leading to ligation of the two exons and release of the 
intron. Group I intron-derived ribozymes can be isolated fixxm degenerate sequence pools by 

5 selecting molecules on the basis of eithor one or both dbssnksi stops, operating in either a 
forward or reverse dn^ction. Effector-depoident ribozymes whb potential utility as sensor 
precursors can be isolated by specifically enrichmg those molecules that &il to promote 
catalysis m the abs^K^e of effectc»r but which are catalyticalty active in its pr Specific 
examples of selection schemes Mow* In eadh case, a pool of SNAs related m s6qpience to a 

0 representative group I intron (e.g. the Tetrahymena tfaemiophila pr&iSNA intron or the 
phage T4 td intron) s^es as the starting pomt for selectiim. Random sequence regions can 
be embedded witiun the intron at sites known to be hnportant for proper fol(Ung and actiidty 
(e.g. substituting the PSabc domaui of the Tetrahymena mtron, Williams et al.)> 
First step, forward direction 

5 The intron is synthesized whfa a short 5*-exon. In the negative selection step, a 

guanosine co&ctor is provided and constitutively active molecules undergo splicing. In the 
positive selection step, the sensor target is provided together with thio-GMP. Ribozymes 
responsive to the target undergo activated slicing and as a result acquire a unique 
thiophosphate at their 5 '-termini. Thio-tagged ribozymes can be separated from untagged 

!0 ribozymes by their specific retention on mercury gels or activated thiol agarose columns. 

First step, reverse direction 

The mediod is poformed as described m Green &Szostak. An intron is synthesized 
with a 5'-guanosine and no S'-exon. An oligonucleotide substrate complementary to the 5*- 

15 mtmial guide sequence is provided during the negative selection step and constitutively 
active molecules ligate the substrate to thefr S '-ends, releasing the original tennmal 
guanosme. A second oligonucleotide substrate witii a difEerent S'-sequence is provided 
together with target hi the positive selection step. Ribozymes specifically activated by the 
target ligate the second oligonucleotide substrate to their S'-ends. FCR amplification using a 

iO primer corresponding to the second substrate can be carried out to preforentiaily amplify 
target sensor precursors. 



Second step, reverse direction 
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The method is performed as described in Robertson & Joyce. The intron is 
synthesized with no flanking exons. During the negative selection step, pool RNAs are 
. incubated together with a short oliganudeotide substrate under conditions which allow 
catalysis to proceed. During the positive selection step, a second oli^nuclectide substrate 
S with a diffo^3*-seqUenoe is provided 1x>getherindth the sensor Target-dependent 
ribozymes are activated and catalyze ligation of the 3'-end of the second substrate. Reverse 
transc^ption earned out using a primer compiemoitaxy to the 3'-end of the second substrate 
specifically selects target activated ribos^es fbr subsequ^t amplificaticm. 

1 0 Once nucleic acid sensor molecules are identified, they can be isolated, cloned, 

sequenced, and/or resynttiesized using natural or modified nucleotides. Accordingly, 
synthesis intermediates of nucleic acid sensor molecules are also encompassed witiiin the 
scope, as are replicatable sequences (e.g., plasmids) comprising nucleic acid sensor precursor 
molecules and nucleic acid sensor molecules. 

15 

B. Converting a Nnddc Acid Sensor Precursor Molecule to a 
Nudeie Add Sensor Molecule 

Ihe nucleic acid sensor precursor molecules identified above comprise a target 
20 activation site to whidi a target molecule specificaUy binds and a catalytic site, hi general, 
tiie target activation site is defined by the minimum number of nucleotides necessary to create 
a tfaree-dim^ional structure to which a target molecule specifically can bmd, i.e., 
preferential binding to the target molecule in a solution comprising both target and non-target 
molecules. In one embodiment, the specificity of binding can be defined in terms of Ke. The 
25 Kd value can be detennined directiy by well-known methods (see^ e.g.^ Caceci, et al., 1 984). 
Alternatively, a competitive binding assay fi>r the taiget molecule can be conducted with 
respect to control substances known to bind the target molecule. The value of tiie 
concentration at which 50% inhibition occurs (Kd) is, under ideal conditions, equivalent to Kd 
and sets a maximal value for tiie value of Kd (see, e.g., US. Patent Number 5,756,291). 
30 In one embodiment, the Kj for the nucleic acid sensor precursor molecule with respect 

to the target molecule is 5a-fold, e,g. 50-500 fold, or even 500-1,000,000 fold less than the K, 
of non-target materials in a sample. 
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In the examples described above, the catalytic site is a known sequence (a ligase site 
or a hammerhead catalytic core) and is at least a portion of either the 5' and/or V fixed region 
(the other portion being supplied by the random sequence), or is a complete catalytic site. 
However, in other embodiments^ the catalytic site may be selected along with the target 

5 binding activity of oligpnucleotides within the oligonucleotide pool. . 

In one embodiment, in order to convert an identified nucleic acid sensor precursor 
molecule into a nucleic acid sensor molecule, at least a portion of Ac catalytic site is 
modified (e.g«, deleted). Li one embodunent, tiie deletion enhances the oonformatiQnal 
stability of the nucleic acid s^isor molecule in either the bound or unbound fonns. In one 

0 embodiment, shown in Figures 6A and B, deletion of die entire catalytic domain of ^e 

nucleic acid precunsor molecule shown in Figures S A and B is shown to stabilize the unbound 
form of the nucleic acid sensor molecule. In another embodiment, the deletion may be chosen 
so as to take advantage of the mherent fluorescence-quenching properties of unpaired 
guanosine (G) residues (Walter, N.G. and Burke, J.M^ "Real-time monitoring of hairpin 

S ribozyme kinetics through base-specific quenching of fiuorescein-Iabeled substrates", RNA 
3:392 (1997)0 

In another embodiment, the ligand binding domain sequence &om a previously 
identified nucleic acid sensor precursor molecule is incorporated into an oligonucleotide 
sequence that changes conformation (e.g., fi:om a duplexed hairpin to a G-quadruplex) upon 

10 target bindmg. Nucleic acid sensor molecules of this type can be derived fixim allosteric 
ribozymes, sudi as those derived firom the hamm^head, hairpin, LI ligase, or group 1 mtron 
ribozymes and the like, or may be derived fiom aptamer beacons or dgnaling aptamers, all of 
which transduce molecular recognition into a detectable signal. For example^ 3',S'-cyclic 
nucleotide mQnopho5phate(cNMP)-dependent hammerhead ribozymes were reen^eered 

\5 into (RNA) nucleic acid sensor molecules which specifically bound to cKMP (Garretta et aL, 
2001). The catalytic cores for hanunerhead ribozymes were removed and replaced with S- 
base duplex forming sequences. The bindmg of these reengineered RNA sensor molecules to 
c-NMP was then confirmed experimentally. By adjustmg the duplex length, they can be 
redesigned to undergo significant conformational changes. The conformational changes can 

ID be coupled to detection via FKET or simply changes in fluorescence intensity (as m the case 
of a molecular beacon). For example, by adding an appropriate probe on the eadi end of the 
duplex, the stabilization of duplex by target binding can be monitored witii the change in 
fluorescence. 
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In a particular embodiment, the nucleic acid sensor molecules are made of single 
stirodedDNA with the foUowing sequence: 5'-CCAACGGTTGGTGTGGT^ (SEQID 
NO:S), as sboTvn in Figure 9 (see Hamagudii, et al, 2001). In addition, a fhiorescein-based 
fluorescent label (FAM) is attached to theS' terminus, either at the time of synthesis, or 
S afterward* Similarly, a qu^ching moiety (DABCYL) is attached to the 3 * end of the nucleic 
acid sensor molecule. The final configuration of the nucleic acid sensor molecule is: S'-FAM- 
' CCAACGGTTGGTGTGGTTGG-DABCY1>3' (SEQ IDNO:6). This particular sequence 
was designed to spedfically bind to thrombin via the formation of a G-quadniplex. In the 
unbound state (see Figure 9A), the nucleic acid sensor molecule forms a stem-loop 

10 conformation with duplex formation along the stem due to the complementarity of the 

nucleotides at the B^and 5' ends of the molecule. In the presence of &e target (here thrombin), 
the nucleic acid sensor molecule forms the ligand-bmding G«quadruplex structure (see Figure 
9B). Ihis conformational rearrangement results in a change in the distance between the 
fluorophore attadied to the 5' end and the quencher attached to the 3' end. With the quencher 

15 spatially removed fiom the immediate vicinity of the fluorophore, the detected fluorescence 
emission intensity from the fluorophore increases sharply. 

While the above experimental example is performed in solution and utilizes a cuvette- 
based fluorescence spectrometer, in alternative embodiments the methods are performed in 
microwell multiplate readers (e.g., the Padcard Fusion, or the Tecan Ultra) for hi^- 

20 throughput sohition phase measur^ents. 

In another embodiment, a nucleic acid sensor molecule is bound to a sur&ce by a 
Imker attached to one end of the molecule. In a particular embodiment, depicted in Figure 
lOA, the previously des^bed (see Hamaguchi, et al. Anal. Biochem. 294, 126 (2001).) 
thrombin-bindiog sensor molecule is S' modified to mclude a 12-caibon atom linker 

25 terminated with an amino group, as well as a 3'-attached fhiorescein-based fluorophore 

(FAM): 5*-Nm-C12.DABCYI^CCAACGGTTGGTGTQOTTQG-FAM-3' (SEQ ID NO:7). 
This flee amine group allows the sensor molecule to be attached to an aldehyde-^erivatized 
glass surface via standard protocols for Schiff base formation and reduction. The nucleic acid 
sensor molecules can be bound in discrete regions or spots to form an array, or uniformly 

30 distributed to cover an extended area. In the absence of target (here thrombin), the nucleic 
acid sensor molecule forms a stem-loop conformation with duplex formation along the stem 
due to the complementarity of the nucleotides at the 3'and S' ends of the molecule. In the 
pr^ence of the target, the nucleic acid s«isor molecule forms the ligand-bmding G- 
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quadruplex structure. This conformational rearrangement results in a change in the distance 
between the fluorophore attached to the 5* end and the quencher attached to the 3' end With 
the quencher separated from the fluorophore, the detected fluorescence emission intensity 
from the fluorophore increases sharply. The detected increase in fluorescence int^ity with 

5 target concentration can be used to detect and quantify the amount of target present in a 
sample solution introduced onto fte sur&ce. A sample solution could be laterally confined 
about the sensor surface by a cov^ltp, microwell, incubaticm chamb^ seal, or flowcell. 

In one embodunent, after deletion of at least a pordon of the catalytic site from a 
nucleic acid sensor precursor molecule, an optical signaling unit is either added to, or inserted 

0 within, the nucleic senses' molecule, generating a sensor molecule whose optical properties 
can change in response to bindmg to the target molecule. In one embodiment the optical 
signaling unit is added by exposing at least a 5' or 3' nucleotide that was not previously 
exposed. The S' nucleotide or a 5' subterminal nucleotide (e.g., an internal nucleotide) of the 
molecule is couplable to a first signaling moi^ while the 3' nucleotide or 3' subterminal 

5 nucleotide is couplable to a second signaling moiety. Target binding to the nudeic acid 
sensor molecule alters the proximity of the 5' and 3' nucleotide (or subterminal nucleotides) 
with respect to each other, and when the first and second signaling moieties are coupled to 
their respective nucleotides, this change in proximity results in ataiget sensitive change in 
the optical properties of the nucleic acid sensor molecule. 

0 Detection of changes in the optical properties of the nucleic acid sensor molecule can 

therefore be correlated with the presence and/or quantity of a target molecule in a sample. 
However, m some embodiments , it may be desirable to retain the catalytic properties of the 
molecule, bi tius embodunent, first and second signaling moieties are coupled to tiie S' 
terminal or subterminal sequ^ces, and 3 '-terminal and subtermmal sequences respectively, 

5 of the molecule. Signaling molecules can be coupled to nucleotides which are already part of 
the nucleic acid sensor molecule or may be coupled to nucleotides which are inserted into the 
nucleic acid sensor molecule, or can be added to a nucleic add sensor molecule as it is 
synthesized. Coupling chemistries to attach signaling molecules are well known in the art 
(see^ for example. The Molecular Probes Handbook, R. Knighland). Suitable chemistries 

0 include, e.g., derivatization of the 5-position of pyrimidine bases (e.g. using 5*-amino allyl 
precursors), derivatization of the 5 '-end (e.g. phosphoroamidites that add a primary amine to 
the 5*-end of diemically-synthesized oligonucleotide) or the 3'-end (e.g. periodate treatment 
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of RNA to convert the 3'-ribose into a dialdehyde which can subsequently react with 
hydrazide-bearing signalmg molecules). 

In anotiier embodhnent, a single signaling moiety is either added to, or inserted 
witUnj the nucleic sensor molecule. In this embodiment, binding of ttie target molecule 

S results in changes in both the conformation and physical aqpect (e.g.» molecular vohmie, and 
thus rotational difiusion rate, etc.) of the nucldc acid sensor molecule. Conformational 
changes m flie nucleic add sensor molecule upon target bindmg will modify the chemical 
envinMunent of &e signaling moiety, while changes m the physical aspect of the nucleic acid 
sensor molecule will alt^ flie kmetic properties of the signalmg moiety. In both cases, the 

10 result will be a detectable change in the optical properties of the nucleic acid sensor molecule. 
In the embodiment shown in Figures 9A and B, the nucleic acid sensor molecule is 
prepared without the quencher group. The resulting molecule will have the sequence: 5*- 
NH2-C12-CCAACGGTTGGTGTGGTTGG-FAM-3' (SEQ ID NO:8). This firee amine group 
allows the sensor molecule to be attached to an aldehyde^erivadzed glass surface via 

15 standard protocols for Schiff base formation and reduction. Hie nucleic acid sensor 

molecules can be boimd in discrete regions or spots to form an array, or uniformly distributed 
to cover an extended area. In the absence of target (here thrombin), the nucleic acid sensor 
molecule will diffiisionally rotate about its pomt of attachment to the surface at a rate 
characteristic of its molecular volume and mass. After target binding, the sensor-target 

20 conq;>le}c will have a correspondingly larger volume and mass (thrombin mass ~SS kD). This 
change in molecular volume (mass) will slow die rate of rotational difiQision, and result in a 
measurable diange in the polarization state of die fluorescrace emission firom the 
fluorophore. 

hi one example of this raibodtmrat of the invention, a single signaling moiety is 
25 attadied to a portion of a ribozyme that is released as a result of catalysis (e.g. either end of a 
self-cleaving ribozyme or the pyrophosphate at the 5 '-end of a ligase). Tffl'get-activated 
catalysis leads to release of die signaling moiety from the ribozyme to generate a signal 
correlated with the presence of the target Release can be detected by either (1) changes in 
the intrinsic optical properties of the signalmg moiety (e.g. decreased fluoresc^ce 
30 polarization as the released moiety is able to tumble more freely in solutionX or (2) changes 
in the partitionmg of the signaling moiety (e.g. release of a fluorophore from a chip 
containmg iounobilized ribozymes such that die total fluorescence of the chip is reduced 
following washing). 
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In another embodiment of the invention, the nucleic acid sensor precursor is 
unmodified and the optical signaling unit is provided as a substrate for the ribozyme. One 
example of tiiis embodhnent mcludes a fluorescently tagged oligonucleotide ^ch can be 
joined to a ribo2^e with ligase activity. In a heterogeneous assay usmg the ligase as a 

5 sensor molecule, analyte-containing samples are incubated with flie fluOTesceait 

oligonucleotide substrate and the ligase under conditions that allow the ligase to fimctian. 
FoUowmg an incubation period, the ligase is separated fiom free oligonucleotide substrate 
(&g. by capturing ligases onto a solid support on fte basis of hyfarUization to ligase-q>ecific 
sequences or by pre-unmobilizfaig the ligases on a solid support and washing esctensivel^). 

10 Quantitation of the captured fluorescence signal provides a means for mfening flie 

concentration of analyte in the sample. In a second example of Ibis embodiment ribozyme 
activity alters the fluorescence properties of a substrate without leading to its own 
modification. Fhiorophore pairs or fluorophore/quencher pairs can be attached to 
nucleotides flanking either side of the cleavage site of an oligonucleotide substrate for a 

15 trans-acting endonuclease ribozyme (J»me et al.). Target activated cleavage of the substiate 
leads to separation of the pair and a change in its optical properties. 

In another embodiment of the invention, the sensor ribozyme and its substrates are 
unmodified and detection relies on catalytically-coupled dianges in the ability of tiie 
ribozyme to be enzymatically amplified. In one example, a target-activated ligase is 

20 mcubated toother with oligonucleotide substrate and an analyte-containing sample under 
conditions which allow tiie ligase to function. FoUowmg an mcubation p^od, die reaction is 
quendied and the mixture subjected to RT/PCR amplification using a primer pair tiiat 
mcludes the oligo sequence corresponding to the ligation substrate. Amplification products 
can be detected by a variety of generally practiced methods (e.g. Taqman). Only tiiose 

25 ribozymes that have self-ligated an oligonucleotide substrate are capable of amplification 
under these conditions and will generate a signal tiiat can be coupled to the concentration of 
the sensor target 

C CopformaHon Dependent Signaling Moieties 

30 * 

L FroxiTOitY Dependent Signaling Moieties 
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Many proximity dependent signaling moieties are known in ttie art and are 
enccxnpassed witfain the scope of the preset invention (see, e.g.» Morrison, 1992, in 
Nonisotopic DNA Probe Techniques, Kricka, ed.> Academic Press, Inc., San Diego, Calif., 
chapt^ 13; and Heller and Morriscm, 1985, in Rapid Detection and Identificadon of 

5 Infectious A^ts, Academic Press, Inc., San Diego, Calif., pages 245-256), all incorporated 
hmin by reference. Systems xmag these moieties rely on the change in fluorescence that 
occurs when the moieties are brought into close proximity. Such systems are described in the 
literatuie as fluorescence energy transfer (FET), fluorescence resonance energy transfer 
(FEQBT), nonradiative energy transfer, long-range energy transfer, dii)ole-coupled energy 

0 transfer, or Forster en^gy transfw (see, e.g., U.S. Patent Number 5,491,063, Wu, and Brand, 
1994). 

Other proximityndependent signaling systems that do not rely on direct energy 
transfer between signaling moieties are also known in the art and can be used in the methods 
described herein. These include, e.g^ systems in which a signaling moiety is stimulated to 

5 fluoresce or luminesce upon activation by target molecule binding. This activation may be 
direct (e.g., as in the case of surfece proximity assays (SPA), via a photon or radionuclide 
decay product emitted by the bound target), or indirect (e.g., as in the case of AlphaScreen™ 
assays, via reaction wifli singlet oxygen released from a photosensitized donor bead upon 
illumination). In both scenarios, the acdvation of detected signaling moiety is dependent on 

\0 close proximity of tbe sigualmg moiety and the activating species. In general, for both 
fluorescence, fluorescence polarization, and sdntillation-proximity-type assays, the nucleic 
acid sensor molecule may be utilized in eith^ solution-phase or solid-phase formats. That is, 
in fimctionai form, the nucleic acid sensor molecule may be tethered (directly, or via a linker) 
to a solid siqjport or free in solution. 

t5 In one embodiment, a scmtillation proximity assay (SPA) is used. In this embodiment, 

the.nucleic acid sensor molecules are allosteric ribozymes wiiidb ligate a substrate in the 
presence of a target molecule (see Figures 2A and B) are bound to a scintillant-imprcgnated 
microwell plate (e.g., FlashPlates, NEN Life Sciences Products , Boston, MA) coated with, 
for example, streptavidin via a (biotin) linker attached to the 5* end of the effector 

10 oligonucleotide sequence (for example, GCGACTGGACATCACGAG (SEQ ID N0:2) in 
Figure 2A). The various plate-sensor coupling chemistries arc determined by the type and 
manufacture of the plates, and are well-known in tihe art. Upon the addition of a solution 
contaimng target molecule and excess radiolabeled (e.g., with 32p or 35$) substrate in 
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ligation buffer, the ribozymes hybridize and l^te the .substrate oligonucleotide. Some 
fraction of the radiolabeled substrate will be ligated to sur&ce-inunobilized ribozyme sensor 
molecules on &6 plate, while unligated substrate will be free in solution. Only those 
substrates ligated to sur&ce-immobilized ribozyme sensor molecules on the plate will be in 

5 close enough proximity to the scintillant molecules embedded in the plate to excite them, 
thereby stimulating luminescence which can be easily detected using a luminometer (e.g., the 
TqpCount lummescence plate reader, Packard Biosciences, Mteriden, CT). This type of 
homogeneous assay format provides straightforward, real-time detection, quantification, and 
kinetic properties of target molecule bmding. 

0 In anoflier mbodiment, a similar SPA assay format is performed usmg sdntiUant- 

impregnated beads (e.g^ Amersham Pharmacia Biotech, be, Piscataway, NJ). Ibl this 
embodhnent, the allosteric ribozyme sensor molecules which ligate a substrate in the 
presence of a target molecule (see Figures 2A and B) are coupled to scintillant-unpregnated 
beads which are suspended in solution in, for example, a microwell plate. The various bead- 

5 sensor coupling chemistries are determined by the type and manu&durer of the beads, and 
are well-known in the art. Upon the addition of a solution containing target molecule and 
excess radiolabeled (e.g., with 32p or 35s) substrate in ligation buffer, the ribozymes 
hybridize and ligate the substrate oligo. Some fraction of the radiolabeled substrate will be 
ligated to surface-immobilized ribozyme sensor molecules on the beads, while unligated 

0 substrate will be free m solution. Only those substrates ligated to surface-inmiobilized 
ribozyme sensor molecules on fte beads will be m close enough proximity to the scmtillant 
molecules embedded in the beads to excite Ifaem, thereby sthnulating hmiinescence vMiik 
can be easily detected using a luminometer (e.g., the TopCount luminescence plate reader, 
Packard Biosciences, Meriden, CT), M addition to enabling real-time target detection and 

S quantification, this type of homogeneous assay format can be used to investigate cellular 
processes m situ in real time. This could be done by cdturing cdls dkectiy (»to a miorowell 
plate and allowuig uptake of scintillant beads and radioisotope by cells. Biosynthesis, 
proliferation, drug uptake, cell motility, etc. can then be monitored via die luminescoice 
signal generated by beads m presence of selected target molecules (see Cook et al.,1992, or 

0 Head! et al.,1992). 

Figures 12A and B show an exemplary embodiment of a non-isotopic proximity assay 
based on nucleic acid sensor molecules used in conjunction with AlphaScreen*"^ beads 
(Packard Biosciences, Meriden, CT). In this embodim^t, the nucleic acid s^isor molecules 
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are allosteric ribozymes which lig^te a substrate in the presence of a target molecule (see 
Figures 2A and B) are bound to a chemiiuminescer-impregnated acceptor bead coated with 
,for example, streptavidin via a (biddn) linker attached to the 5' end of the efiector 
oHgpnucIeotide sequence (GCGACTGOACATCACGAG (SEQ ID N0:2) in Figure 2A). The 

5 various bead-sensor coiq)ling diemistries are determined by the type and manu&cturer of the 
beads, and are well-known in the art The sul^trate oligo is coupled to a photos^sitizer- 
impregnated donor bead coated with , for example, streptavidin via a (biotin) tag attached to 
the 3' end of the substrate. The doncx* (substrate) and acceptor (ribozyme) beads and target 
molecules are fh«i combined in solution in a microwell plate, some of tfie ribozymes 

0 hybridize and ligate the substrate oligo, bringmg the donor and acceptor beads mto close 
proximity (< 200 nm). Upon ilhnnmation at 680 nm, the photosensitize m the donor bead 
converts ambient oxyg^ mto the singlet state at a rate of approximately 60,000/second per 
bead. The singlet oxygen will difi&ise a maxhnum distance of ^proximately 200 nm in 
solution; if an acceptor bead containing chemiluminescer is within this range, i.e., if ligation 

5 has occurred in the presence of the target molecule, chemiluminescence at 370 nm is 
generated. This radiation is immediately converted within the acceptor bead to visible 
luminescence at 520-620 nm with a decay half-life of 03 sec. The visible luminescence at 
520-620 nm is detected using a time-resolved fluorescence/luminescence platereade (e.g., 
the Fusion multifimcion plate read^, Padkard Biosciences, Meriden, CT). ). This type of 

to nottisotopic homogeneous proximity assay format provides highly sensitive, detection and 
quantification of target molecule concentrations in volumes < 25 microliters for high 
tfarougihput screening (see Beaudet et al.,2001). 

Suitable fluorescent labels are known in the art and commercially available from, for 
example. Molecular Probes (Eugene, Qreg.). These include^ e»g. donor/ acceptor (i-e., first 

!5 and second signaling moieties) molecules such as: fluorescein isodiiocyanate 

(FTTCyt^ramethylifaodamine isothioc^anate (nUTQ, FITC/Texas Red TM Molecular 
Probes), FITC/N-hydroxysuccmnnidyl 1 -pyrenebutyrate (PYB), FITC/eosm isothiocyanate 
(EITC), N-hydroxysucciniridyi 1- pyrenesulfonate (PYS)yFITC, FITC/Elhodamine X (ROX), 
FTTCytetramethylrhodamine (TAMRA), and others, hi addition to the organic fluorophores 

ID • already mentioned, various types of nonorganic fluorescent labels are known in the art and 
are commercially available from, for example, Quantum Dot Corporation, Lie, Hayward 
CA). These include, e.g., donor/ acceptor (i.e,, first and second signaling moieties) 
semiconductor nanocrystals (i.e., ^quantum dots') whose absorption and emission spectra can 
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be precisely controlled dirough the selection of nanoparticle material, size, and composition 
(see, for example, Bmchez ct al., 1998, Chan and Nie, 1998, Han et aL, 200 1). 

The selection of a particalar donor/acceptor pmr is not critical to practicing the 
inv^tion provided that energy can be transferred between flie donor and the acceptor. P- 
S (dimethyl aminqphenylazo) b^izoic acid (DABCYL) is one example of a non-fluorescent 
acceptor dye which eiSbcttvely quendies fluorescence from an adjacent fluorophore, e.g., 
fluorescein or S-<2' ^aminoethyl) ammonaphtfaalene (BDANS). 

Figures 3A and B and 6A and B show exemplary nucldc acid sensor molecules 
derived fiom nucleic acid precursor molecules (Figures 2A and B and SA and B, 
10 respectively), according to onbodim^ts . Figure 3 shows a nucleic acid sensor molecule 
obtained fiom an oligonucleotide pool in which the catalytic site was a ligase site. Figure 6 
shows a nucleic acid sensor molecule obtained from an oligonucleotide pool in i^ch flie 
catalytic site was a site mediating self-cleavage. 

In the embodiment shown in Figures 3A and B, a nucleic acid sensor precursor molecule 

15 from which a portion of a ligase site (e.g-, the AGUCX3 sequrace at the 3* end of the nucleic 
. acid sensor precm^or molecule, as shown in Figure 2) has been removed is coupled to a first 
signaling moiety (F) at a first nucleotide (1) and to a second signaling moiety (D) at a second 
nucleotide (2). In a further mbodiment, the first and second signaling moieties molecules are 
attadied to non-terminal sequences. The position of the non-terminal sequences coupled to 

20 signaling moieties is limited to a maximal distance from the 5* or 3' nucleotide which still 
permits proximity dependent changes in the optical properties of the molecule. Coupling 
chemistries are routinely practiced in the art, and oligonucleotide synthesis services provided 
commercially (e.g.. Integrated DNA Technologies, CoralvlUe, lA) can also be used to 
^emte labeled molecules, hi a fiurdier embodiment, the nucleic acid sensor molecule is 

25 used, ehh«- tethered to a solid siq^port or free in solution, to detect the pres^ce and 
concentrati(m of target molecules in a comply biological fluid. 

In the embodfanent shown in Figures 3A and B, the first signaling moiety (F) is a 
fluorescein molecule coupled to the 5' end and the second signaling molecule (D) is a 
DABCYL molecule (a quendiing group) coupled totiie 3' end. Because of the nearly 

30 complete base pairing of the non-target molecule bound form (see Figure 3B), this is the 

fevered form of the nucleic acid sensor molecule in the absence of the target molecule, When 
the nucleic acid sensor molecule is not bound by target molecule, the fluorescent group and 
the quenching group are in close proxunity and little fluorescence is detectable from the 
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fluorescent group. Addition of target molecule causes a change in the conformation of the 
nucleic acid sensor molecule shown in Figure 3B to that shown in Figure 3A. When the 
molecule assumes flie conformation shown in Figuie 3A, the first and second signaling 
moieties (F and D, respectively) are no long^ in sufiSci^ proximity for the quenching group 

5 to quendi the fluorescence of the fluorescrat groups resulting in a detectable fluorescent 
signal bemg produced upon binding of the target molecule. 

In one embodunent, the ligand-binding domam sequence fiom a previously identified 
nucleic acid sensor molecule is incorporated mto a separate oligonucleotide sequence which 
changes conformation upon target binding, as shown in Figures 91A and and Figures 6A 

1 0 and B . During or after synthesis, an optical sigital generating unit is either added or inserted 
into the oligonucleotide sequ^ce comprising the dedved nucleic acid sensor molecule. As 
noted previously, nucleic acid sensor molecules of this type can be derived from allosteric 
ribozymes» such as those derived from the hamm^head, hairpin, LI ligase, or group 1 intron 
ribozymes and the like, or may be derived from ^tamer beacons or signaling aptamers (see 

15 Soukup et al., 2001, or Hamagudhi et al, 2001X all of which transduce molecular 
recognition into a detectable optical signal. 

In die embodiment shown m Figures 9A and B, the nucleic acid sensor molecules are 
comprised of single stranded DNA, with the following sequence: 5'- 
GCAACGGTTGGTGTQGTTGG-S* (SEQ ID NO:8). The first signalmg moiety is a 

20 fluorescem-based label (FAM) attached to the 5' terminus, and tiie second signaling moie^ is 
a quenching group (DABCYL) attached to the 3' end. The final configuration of tiie nucleic 
acid sensor molecule is: S'-FAM<;CAACGGTTGGTGTGGTTGG-DABCYL-3% In tiie 
unbound stale, tiie nuddc acid sensor molecule forms a duplex stem-loop. In the presence of 
the target (here ifarombinX tiie sensor molecule assumes the G-quadruplex structure. This 

25 conformational reanangement results in a change m the distance between the S'-attached 
fluorophoreendandlfae 3'-attached quencher. With tiie quencher separated fiom the 
fliiorophdre by a distance greater than the Forster radius (radius for 50% resonance energy 
transfer, typically '-1 0-50 Angstroms), the detected fluorescence emission intensity from the 
fluorophore increases sharply, as shown in Figure 9C. At saturating concentrations of target 

30 molecule, tiie increase in flu<H%scence intensity fiom the sensor molecule was approximately 
2 J-fold (see Hamaguchi, et al, 2001). 

In the embodhnent shown in Figure lOA and B, a fluorescently labeled self-cleavmg 
ribozyme such as the hammerhead (in this case attached to a solid support via a linker 
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molecule) in the unbound state is hybridized with a transacting substrate which bears a 
second fluorescent label. In the unbound state, i.e,, in the absence of target, the donor 
fluorophore (on the ribozyme) and the acceptor fluorophore (on the substrate) are in 
sufiBciently close proxbnity for FRET to occur, thus, minimal fluorescent emission is 
5 detected from the donor fluorophore at wavelength 2, XZ, upon epi-iUunmation excitation at 
wavelength 1, XI. Upon target binding, the cleavage fragment of the substrate bearing the 
acceptor fluorophore dissociates from the ribozyme-targ^ complex. Once separated from the 
acceptor fluorophore, the donor fluorophore can no longer und^go de-excitation via FRET, 
resutting in a detectable increase in it^ fluorescent emission at wavelengthc2, X2 (see, for 

10 example, Smgh. et aL, 1999; Wu, and Brand, 1994; Walter and Brake, 1997; Waher et al^ 
1998). In a further embodiment, the change in the polarization state of the fluorescent 
emission from the donor fluorophore (due to the increased diffiudonal rotation rate of the 
smaller cleavage fragment) can be deteded/mcxiitored in addition to changes m fluorescent 
emission intoisity (see, for Singh, 2000). hi a fiutber embodunent, the ribozyme s^sot 

IS molecules are free in solution. 

Ill another embodunent, shown b Figure lOB, flie mxptar fluorophore attached to 
tiie substrate is replaced by a quencher group. This replacement will also result in minimal 
fluorescent donor emission at wavelength 2, X2, with the ribozyme is in the unbound state 
under epi-illumination excitation at wavelength 1, XI. Upon target bindings the cleavage 

20 fragments of the substrate bearing the donor and quencher groups dissociate from the 
ribozyme-target complex. Once separated from the quencher, the donor fluorophcM^ will 
exhibit a d^ectable increase in its fluorescent ^ssion at wavelength 2, >L2. In a fruther 
embodiment, tiie change in the polarization state of the fluorescent emission fix>m tiie donor 
fluorophore (due to the increased dif&isional rotation rate of the smaller cleavage fragment) 

25 can be detected/monitored in addition to changes in fiuorescesit emission intensity. In a 
further embodiment, the ribozyme sensor molecules are free m solution. 

In a dijQerent embodunent, the optical configuration is designed to provide excitation 
via total mtemal reflection (nR>-illummation, as shown in Figure IOC. Also, die donor 
fluorophore is attached to the ribozyme body while the accq>tor is attached to the substrate. 

30 In this configuration, with the surface-immobilized ribozyme m fte imbound state, the 

fluorescent donor emission at wavelength 2, X2, will be minimal. Upon target binding, the 

cleavage fragment of the substrate bearing the quencher group dissociates from the ribozyme- 

target complex. Once s^arated from the quencher, the donor fluorophore will exhibit a 
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detectable increase in its fluorescent emission at wavelength 3, X3. In an alternative 
embodiment to that shown in shown in Figure IOC, the quencher group can be replaced with 
an acceptor fluorophore. In yet another altmiative embodiment to those ^own in Figures 
lOA, B, and C, the donor fluorophore is coupled to ifae cleavage fragment of the ribozyme 
5 substrate and the aocepfxsr fluorophore or quradier group is deleted. Upon target binding and 
dissociation of tiie cleavage fragment, the polarization state of die fluorescent emission Scorn 
the donor fluorophore will undergo a detectable change due to the difference m die 
dififiisionai rotation rates of the sui&ce-bound ribozyme-target complex and the free cleavage 
fragment. 

10 In one wbodiment, a universal FRET trans-substrate is synthesized for all sensor 

molecules derived from self-cleaving allosteric ribozymes. This substrate would have 
complementary optical signaling units (i.e., donor and acceptor groups) coupled to opposite 
ends of die synthetic oligonucleotide sequence. Such a universial substrate would obviate the 
need for coupling optical signaling units to the sensor (i.e., ribozyme) molecule itself 

IS Hie relative stabilities of the bound and unbound forms of the nucleic acid sensor 

molecules is optimized to achieve the highest sensitivity of detection of targ^ molecule. In 
one embodiment, the nucleic acid sensor molecule is fiirther engineered to enhance the 
stability of one form over another. In one embodiment, the UA marked in bold in Figures 3A 
and B is dianged to a CC, fevormg the formation of the target molecule bound form. Because 

20 tibiese bases do not form base pairs when the nucleic acid sensor molecule is unbound, the 
unbound fi>rm is not stabilized. 

In addition to the herein described mediods, any additional proxunity dependent 
signaling system known in the art can be used to practice the method according to die 
invention, and are ^compassed within the scope * 

25 A number of methods can be used to evaluate the relative stability of dififer^t 

confimnations of the nucleic acid sensor molecule. In one embodiment, the free energy of the 
structures fi}rmed by the nucleic acid sensor molecule is determined using software programs 
such as mfold®, whidi can be found on the Rensselaer Polytechnic Institute (RPI) web site 
(www.rpi.edu/dept.). 

30 In another embodiment, a gel assay is performed which permits detection of different 

conformations of the nucleic acid sensor molecule. In this embodiment, the nucleic acid 
sensor molecule is aUowed to come to equilibrium at room temperature or the temperature at 
whidi the nucleic acid sensor molecule will be used. The molecule is then cooled to A^C and 
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electrophoresed on a native (non-denaturing) gel at 4°C. Each of the cx)nformations formed 
by the nucleic acid sensor molecule will run at a different position on the gel, allowing 
visualization of the relative concentration of each conformation. Similarly, fhe conformation 
of nucleic acid sensor molecules which ferms m the presence of target molecule is then 
5 determined by a method such as circular dichroism (CD) . By comparing &e confonnation of 
tiie nucldc acid sensor molecule formed in fhe presence of taiig^ molecule with llie 
confomiations formed in the absence of target molecule, the conformation which corresponds 
to the bound conformation can be identified in a sample in whidi d)0re is no target molecule. 
The nucleic acid sensor molecule can then be engineered to nunimize Ifae formation of Hie 

10 bound conformation m the absence of target molecule. The sensitivity and specificity of 
nucleic acid sensor molecule can be fiirth^ assayed for using target molecule binding assays 
with known amounts of target molecules. 

In another embodiment, shown in Figures 6A and B, a nucleic acid s^isor precursor 
molecule from which a portion of a self-cleaving site has been removed, is coupled to a first 

15 signaling moiety (F) at a first nucleotide and to a second signaling moiety (D) at a second 
nucleotide. In this embodiment, the entire catalytic site of the nucleic acid precursor molecule 
(see Figures 5A and B) has been removed. In one embodiment (Figures 6A and B), additional 
bases (e.g., UGGUAU) are added to one end of the portion of the nucleic acid sensor 
molecule comprising the target activation site sequence, to stabilize the unbound form of the 

20 nucleic acid sensor molecule (Figure 6B). These bases are selected to be complementary to 
bases at the opposite end of the nucleic acid sensor molecule (ACCAUA). Additional bases 
may be added to either the 5' or tibe 3' end of the nucleic add sensor molecule. 

Modifications to stabilize one conformadon of the nucleic sensor molecule over 
another may be identified using the mfold program or native gel assays discussed above. A 

25 labeled nucleic acid sensor molecule is generated by coupling a first signaling moiety (F) to a 
first nucleotide and a second signalmg moiety (D) to first and second nucleotides as discnssed 
above. As above^ the sensitivity and specificity of the nucleic acid s^isor molecule can be 
fiirtfaer assayed for using target molecule bindhig assays with known amounts of taiget 
molecules. In finlher embodiments , nucleic acid s^sor molecules are selected which have 

30 optimal affinity for a target molecule using an ajBSnity fingerprintmg technique as disclosed 
in U.S. Patent 5,587,293, the entirety of which is incorporated by ref^ence herein. 
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iL Optical Signal Generating Units With Single Signaling Moieties 

Jn one embodiment, the nucleic acid sensor molecule comprises an optical signaling 
unit with a single signaling moiety introduced at either an intmial or terminal position within 

S tiie nucleic acid ssnsoi molecule. In this embodiment, bmding of the target molecule results 
in diangBS in both Ihe conformation and physical aspect (e.g., molecular vohmie or mass, 
rotational diffusion rate, etc.) of the nucleic acid sensor molecule. Conformational change m 
Ifae nucleic acid sensor molecule upon target binding will modify the chemical environm^t 
of tiie signaling moiety. Such a change in chemical environment will in general change the 

10 optical properties of the signalmg moiety. Suitable signaling moieties are described in 

Jhaveri, et al, 2000, and include^ e.g. fluorescein, acridine, and other organic and nonorganic 
fluorophores. 

In one embodiment, a signaling moiety is mtroduoed at a position in the nucleic acid 
precursor molecule near the target activation site (identijSable by footprinting studies, for 

15 example). Binding of the target molecule will (via a change in conformation of the nucleic 
acid precursor molecule) alter the chemical environment and thus afiect the optical properties 
of tiie signaling moiety in a detectable manner. 

Binding of the imcleic acid sensor molecule with the target molecule will result m 
changes in tiie conformation and physical aspect of the nucleic acid s^isor molecule, and will 

20 thus alter the kinetic properties of the signaling moiety. Jn particular, the dianges in 

conformation and mass of the sensor-target complex will reduce tiie rotational difiSision rate 
for the sensor-target complex, resulting in a detectable change in the observed steady state 
fluorescence polarization (FP) fiom the signalmg moi^. The expected change in FP signal 
with target concentration can be derived using a modified form of the well-known Michaelis- 

25 Ment^ model for ligand bindmg kinetics (ref: Lakowicz, 1999). FP is thoefbre a highly 
sensitive means of detecting and quantitatively determining the concentration of target 
molecules in a sample solution (Jameson and sawyer, 1995; Jameson and Seifried, 1999; 
Jolley, 1999; Singh, 2000; Owicki et al., 1997). FP metiiods are capable of functioning m 
both solution- and solid-phase implementations. 

30 . Numerous additional methods can be used that, e.g., make use of a single fluorescent 

label and an unpaued guanosine residue (instead of a quencher group), to enable the use of 
FRET in target d^ection and quantitation as described in the embodiments previous sectim 
(see Walter and Burke, 1997). 
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Si a further embodiment, shown in Figure 1 1 A and B, the labeled self-cleaving 
ribozyme is replaced by an unlabeled ligating riboTyme such as the lysozyme-depend^t LI 
ligase (see, fi)r example, Robertson, MP. and Ellington, A.D, 2000). In the unbound state, 
ie^ in tfie absence of target, no fluorescent emission is detected fiom the surface-bound 

S ribozymes under total mtmal reflection CnR)-iUuniination. Upon binding of target 

molecules in the presence of a substrate with a tag (wh^e Hie tag is cq)able of binding to a 
subsequently added fluorescent label via interactions inclucUng, but not limited to, 
biotin/steptavidm, amine/aldehyde, hydrazide, fliiol, or ofiier reactive groups) those substrates 
hybridized to ribozymes will undergo ligation and become covalently bonded to the 

0 ribosome. In order to maxmiize die probability of hybridization for a given riboz^e^ 

substrate can be added in excess relative to ribozyme, the temperature of the ambient solution 
in which die reaction takes place can be kept below room temperature (6.g^ 4 degrees C), and 
agitation of the reaction vessel can be employed to overcome the kinetic limitation of 
difiusion-limited transport of species in solution. Given the above conditions, as well as 

5 sufGcient time fbr maximal hybridization and subsequent ligation to occur, fluorescent label 
with the appropriate reactive group to bind tiie substrate tag is added to the reaction mfatture. 
Again, the degree of substrate-label binding can be maximized through control of label 
conc^tration, solution temperature, and agitation. Once the fluorescent label has bound to all 
available ligated substrate-ribozyme-target complex, the solution temperature can be raised to 

0 drive off all of llie hybridized but unligated substrate. With TIR-illumination, the spatial 
extent of the excitation region above the solid substrate surface to \^ich the rib<»^es are 
bound is only on the order of 100 nm. Thorefisre, the bulk sohition above the substrate sur£u:e 
is not illummated and the detected fluoresc^it emission will be primarily due to fluorophores 
which are bound to ligated substrate-ribozyme4arget complexes tetfa^ed to the substrate 

5 sui&ce. Hie fluorescence emission from sur&ce-bound ribozyme^get conq)Iexes in diis 
homogeneous solid phase assay format rqpresents an easily detectable optical signal. In 
another embodunent, the fluorescence polarization (FP) of the labeled substrate can be 
monitored. Upon ligation, the steady state fluorescence polarization signal form flie substrate- 
ribozyme complex will increase detectably relative to the FP signal fix)m the fiee labeled 

0 substrate in solution, due to the difGbrence in the difiusional rotation rates between the fiee 
and ligated forms. 

In another embodiment an unlabeled ligating ribozyme such as the lysozyme- 
dependent LI ligase (see, for example, Robertson, M.P. and Ellington, A A 2000) is bound 
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to a solid sur&ce. In this embodiment, the substrate oligo is coupled to an enzyme-linked 
hmunescent moiety, such as horse radish peroxidase (EIRP) by a tag (where the tag is capable 
of binding to a subsequently added label via interactions including, but not limitBd to^ 
biotin/steptavidin, amine/alddiyde^ hydrazide, thiol, or other reactive groiq;>s). In the unbound 

5 • state, 1.6., in the absence of tar^ no lundnescent emission is detected fix>m the surf^ 
bound ribozymes. Upon binding of target molecules m the presence of labeled substrate, 
those substrates hybridized to ribozymes will undergo ligation and become covalently bonded 
to die ribosome. After removal of excess, unbound ribozyme substrate^ the activation 
substrate for the enzyme-linked luminescent label is added to the reaction volume. The 

0 resulting luminescent signal (e.g., from HRP, hicif^^se^ etc.) is easily detectable using 

standard luminometers (e.g., the Fusion multifunction plate reader, Packard Bioscience). In a 
&rther embodiment; the activated solution can be precipitated, followed by colorimetric 
detection. 



2« Generating Target Activated Bioseiisors 



Target activated biosensors for the detection of a target molecule of mterest are 
generated by first selecting nucleic acid precursor molecules witii catalytic activity 
modifiable (e.g., activatable) by a selected target molecule. In one embodiment, at least a 
portion of the catalytic site of the precursor molecule is then removed and an optical signal 
genmting unit is either aibled or inserted. Binding of the target molecule to the target 
activated bios^or activates a change in the properties of the optical ^gnaling unit 

In one embodim^t, a target activated biosensor is provided which comprises a 
plurality of nucleic acid sensor molecules labeled with first and second signalmg moieties 
specific for a target molecule. In anotho^ embodiment sensor molecules are labeled with a 
smgle signaling moiety. In one embodiment the labeled nucleic acid sensor moleciiles are 
provided in a solution (e.g., a buffer). In another embodim^t the labeled nucleic acid sensor 
molecules are attached direcUy or indirectiy (e.g., throu^ a linker molecule) to a substrate. In 
further embodiments, nucleic acid sensor molecules can be synthesized directiy onto the 
substrate. Suitable substrates which are encompassed within the scope include, e.g., glass or 
quartz, silicon, encapsulated or unencapsulated semiconductor nanocrystal materials (e.g., . 
CdSe), nitroceMose, nylon, plastic, and other polymers. Substrates may assume a variety of 
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configurations (e.g., planar, slide shaped, wafers, chips, tubular, dis&-like, beads, containers, 
or plates, such as microtiter plates, and other shapes). 

Numerous attachment chemistries, both direct and indirect, can be used to hmnobilize the 
sensor molecules on a solid support. These inchide, e.g., amine/aldehyde, biotin/streptavidin 
5 (avidin, neutravidin), ADH/oxidized 3* KNA. In a particular embodiment, the nucleic acid 
sensor molecules are allosteric ribozymes vAiich ligate a substrate in the presence of a target 
molecule (see Figures 2A and B). Jn this embodiment flie libozymes are bound to a solid 
substrate via the effector oligonucleotide sequence (for example, 
GCGACTGGACATCACGAG (SEQ ID N0:2) in Figure 2A). 

10 In one embodiment, a manual or computer-controlled robotic micioanayer is used to 
generate arrays of nucleic acid sensor molecules immobilized on a solid substrate. In one 
embodiment, the arrays utilizes contact-printing technology (i.e., employing printing pins of 
metal, glass, etc., witt or without quill-slots or other modi&ations). In a diflEerent 
embodiment, the arrayer utilizes non-contact printing technology (Le., employing Inkjet or 

IS capillary-based technologies, or other means of dispensing a solution containing the material 
to be arrayed). Numerous methods for preparing, processing, and analyzing microarrays are 
known in the art (see Schena et al., 2000; Mace et al., 2000; Heller et al., 1999; Basararsky et 
a!., 2000; Schermer, 1999). Robotic and manual arrayers are conunercially available, for 
example, die SpotAiray from Packard Biosci^ces, Meriden, CT, and the RA-1 from 

20 GenomicSolutions, Ann Arbor, MI). 

In one embodiment, larger substrates can be generated by combining a plurality of 
smalls bios^sors forming an array of biosensors. In a fiirther embodiment; nucleic acid 
sensor molecules placed on die substrate are addressed (e.g., by specific linker or efiTector 
oligonucleotide sequences on the nucleic acid sensor molecule) and information relating to 

25 the Io(^<m of each nucleic acid sensor molecule and its target molecule specificity is stored 
within a processor. This technique is known as spatial addresshig or spatial multiplexmg. 
Techniques for addressing nucleic acids on substrates are known in tiie art and are described 
in, for example, U.S. Patent Number 6,060,252, U.S. Pat^t Number 6,051,380, U.S. Patent 
Number 5,763,263, U.S. Patent Number 5,763,175, U.S. Patent Number 5,741,462, flie 

30 entireties of which are incorporated by reference herein. 

In the embodiment shown in Figure 13A and b, 4 different nucleic acid sensor molecules 
are immobilized on a streptavidin-derivatized glass substrate via biotin link^. The biosensor 
taigets for the sensors are 4 different physiological proteins: thrombin, IMPDH, VEGF, and 
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BFGF. Each biosensor is labeled with a single 5' FAM (fluorescein) group. Hie individual 
sensor spots in this case were manually arrayed* Solution measurements of target 
concentratioQ are made by badiing Hie sor&ce of the biosensor array in a sohitioa containing 
the targets (analytes) of interest. In piacdce this in accomplished either by incorporating the 

5 array withm a microflowcell (wifh a flow rate of 25 microlitersAninX or by placing a small 
. volume 6-10 microlitets) of fhe laiget solution on the array sur&oe and covering it vrith a 
covo- slip. Detection and quantification of target (Jiete protein) concentration is accomplished 
by monitoring changes in the fluorescence polarization (FP) signal emitted fiom die 
fluorescem label under illumination by 48S nm laser radiation. Figure 13A diows tiie 

0 physical basis for die change m the polarization state of die fitted fluorescence from the 
biosensors. Hie rotational diffiision rate is inversely proportional to the molecular volume; 
thus die rotational correlation time for the roughly 20-nucleotide unboimd sensor (i.e., in die 
absence of target) will be significantly less than that for the > 55 kD target-sensor complex. 
The fluorescence emission iBrom the target-s^sor complex will therefore experience greater 

S residual polarization due to die smaller angle through which the mission dipole axis of the 
sensor fluorophore can rotate within its radiative lifetime. The polarization of the detected 
fluorescence emission at approxunately 516 nm quantitatively correlated widi protein 
concentration, as shown in Figure 13C. Titration of protein into the interrogated volume 
allows the deteraunatipn of the dissociation constant, Kd» tor the target-s wor interaction via 

0 fitting to a Mchaelis-Menten model for ligand-binding kinetics (ref: Lakowicz» 1999). Such 
an FP titration curve is shown in Figure 13C for the thrombin*specific biosensor m biological 
fluid consistu^ of 10% human serum in phosphate buffered saline (PBS). In another 
embodiment, difTeient surface attachment chemistries are used to immobilize the biosensors 
on a solid substrate. As previously noted, these include, e.g., interactions involvmg 

15 bioti&/stq>tavidin, amine/aldehyde, hydrazid^ tiiiol, or odier reactive groups. 

The specificity of the targ^ activated biosensor according to the mvention is determined 
by the spedficity of the target activation site of the nucleic acid sensor molecule. In one 
embodhnen^ a nucleic acid biosensor is provided in which all of the nucleic acid sensor 
molecules recognize the same molecule. In another embodiment, a nucleic acid biosensor is 

10 provided which can recognize at least two different target molecules allowmg for multi- 
analyte detection. Multiple analytes can be distinguished by using different combinations of 
first and second signaling molecules. In addition to the wavelength/color and spatial 
multiplexing techniques previously described, nucleic acid biosensors may be used to detect 
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multiple analytes using intoisity multiplexing. This is accomplished by varying the number 
of fluorescent label molecules on each biosensor molecule in a controlled fashion. Since a 
single fluorescent label is the smallest Integra! labeling unit possible, the number of 
fluoiophores (i.6.» the intrasity from) a given biosensor molecule provides amultiplexmg 
5 index. Usmg the combination of 6-wavelength (color) and l6-level intensity muMpleadng, 
implemaited in the context of semiconductor nanocrystals derivatized as bioconjugates, 
would theoretically allow the encoding of million different analyt&>qpecific biosensors (Han 
etaL,2001}. 

In one embodiment, multiple single target biosensors can be combined to form a 
0 multlanalyte detection system wUch is ehfaer solution-based or substrate-based according to 
tiie needs of the uso-. In fliis embodunent, individual biosensors can be lata- removed from 
the system, if the user desires to return tp a single analyte detection system (e.g., usmg target 
molecules bound to supports; or, for example, manually removing a selected biosensor(s) in 
the case of substrate-based biosensors). In a further embodiment, nucleic acid sensor 
5 molecules binding to multiple analytes are distinguished from each other by referring to the 
address of the nucleic acid sensor molecule on a substrate and correlating its location with the 
appropriate target molecule to which it binds (previously described as spatial addressing or 
multiplexing). 

In one embodiment, subsections of a biosensor array can be individually subjected to 
iO separate analyte solutions by use of substrate partitions or ^closures that prevent fhiid flow 
between subarcays, and microfluidic pathways and injectors to introduce the different analyte 
solutions to the apprq)riate smaor subanay. 

3. Target Activated Biosensor Systems 

15 

In one embodiment, a target activated biosensor system is provided comprising a 
target activated biosensor in communication with a detector system. In a flntfaer embodiment, 
a processor is provided to process optical signals detected by the detector syst^. In still a 
fiirther embodiment, the processor is connectable to a server which is also connectable to 
10 other processors. In this embodiment, optical data obtained at a site whm the bios^sor 
system resides can be transmitted through the server and data is obtained, and a report 
displayed on the display of the off-site processor within seconds of the transmission of the 
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optical data. In one embodiment, data firom patients is stored 10 in a database which can be 
accessed by a user of the system. 

Data obtainabte fiom the biosensors acoordhig to the invention include diagnostic 
data, data relating to lead compound development, and nucleic acid sensor molecule 
S moddmg data (e.g«, information correlating the sequence of individual sensor molecules vnA 
binding afiSnity for a particular target molecule). la one embodiment, these data are stored in 
a computer database. In a further embodiment, the database includes^ along ivitfa diagnostic 
data obtained fiom a sample by the biosensor, in&rmation relating to a particular patient, 
. such as medical history and billmg mformation. Although m one embodiment, the database 

10 is part of the target activated biosensor system, Ae database can be used separately with other 
detection assay methods and drug development methods. 

Detectors used with tiie target activated biosensor systems according to the invention, 
can vary, and include any suitable detectors for detecting optical changes in nucleic acid 
molecules. These include, e.g., photomultiplier tubes (PMTs), charge coupled devices 

15 (CCa^sX intensified CCDs, and avalanche photodiodes (APDs). In one embodunent, a target 
activated biosensor comprising labeled nucleic acid sensor molecules is excited by a light 
source in communication with the biosensor. In a further embodiment, when the optical 
signaling unit comprises first and second signal moieties that are donor/acceptor pairs (i.e., 
signal goieradon relies on the flu<»rescence of a donor molecule when it is removed fiom fiie 

20 pioxunity of a quencher acceptor molecule), recognition of a target molecule will cause a 
large mcrease ui fluorescence emission intensity over a low bacl^und signal level. The 
high signal-to-noise ratio permits small signals U> be measured using high-gain detectors, 
such as PMTs or APDs. Using intensified CCDs, and PMTs, smgle molecule fluorescence 
measurements have been made by monitoring the fluorescence emission, and dianges in 

2S fluorescence li&time, firom donor/accq)tor FRET pairs (see Sako, et a]., 2000; Lakowicz et 
al, 1991)). 

Light sources include, e.g., filtered, wide-spectrum light sources, (e.g., tungsten, or 
xenon arc), laser light sources, such as gas lasers, solid state crystal lasers, semiconductor 
diode lasers (Includmg multiple quantum well, distributed feedback, and vertical cavity 
30 sur&ce emitting lasers (VCSELs)), dye lasers, metallic vapor lasers, fi'ee electron lasers, and 
las^ using any other substance as a gain medium. Common gas lasers include Argon-ion, 
Krypton-ion, and mixed gas (e.g., Ar-Kr) ion lasers, emitting at 455, 458, 466, 476, 488, 496, 
502, 514, and 528 nm (Arion); and 406, 413, 415, 468, 476, 482, 520, 531, 568, 647, and 
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676 nm (Kr ion). Also included in gas lasers are Helium Neon lasers anitdog at 543, 594, 
612, and 633 nm. Typical output lines from solid state crystal lasers include 532 nm (doubled 
NdiYAG) and 408/816 nm (doubled/primary fiom TiiSapphire). Typical ou^>ut lines from 
semiconductor diode lasers are 635, 650, 670, and 780 nm. 

S B3ccitadon waveleng&s and emission detection wa:velMgfhs wQl vary depending on 

the signaling moieties used. In one embodim^ where the first and second signaling 
moieties are fluorescein and DABCYL, the excitation wavdengA is 488 nm and the emission 
wavelengtii is 514 nm. Jn the case of s«niconductor nanocrystal-based fluorescent labels, a 
single excitation wavelength or broadband UV source may be used to excite several probes 

0 with widely spectrally sqparated emissicm wavelengths (see Bnichez et al., 1998; Chan et al., 
1998). 

Jxi one embodiment, detection of changes in the optical properties of the nucleic acid 
sensor molecules is performed using any of a cooled CCD camera, a cooled mtensified CCD 
camffl-a, a single-photon-counting detector (e.g«, PMT or APD), or other light sensitive 

5 sensor. In one embodiment, the detector is optically coupled to the target activated biosensor 
througji a lens system, such as in mi optical microscope (e.g., a confocal microscope). In 
another embodiment, a fiber optic coupler is used, wh^ the input to the optical fiber is 
placed in close proximity to the substrate sur&ce of a biosensor, either above or below the 
substrate. In yet another embodunent, the optical fiber provides the substrate for the 

0 attadunent of nucleic add sensOT molecules and the biosensor is an integral part of the 
optical fiber. 

In one CTibodiment, the interior sur&ce of a glass or plastic capillary tube provides 
the substrate for ttie attachment of nucleic acid sensor molecules. Hie capillary can be either 
circular or rectangular in cross-section, and of any dimension. The capillary section 

S containing the biosoisors can be mtegrated into a microfluidic liquid-handlii^ system wiiidi 
can inject different wash, buffer, and analyte-containing solutions flirougjh die sensor tube. 
Spatial encodmg of the sensors can be accomplished by patterning fliem longitudinally along 
the axis of the tube, as well as radially, around the circumference of the tube interior. 
Excitation can be accomplished by coupling a laser source (e.g., using a shaped output beam, 

0 such as from a VCSEL) into the glass or plastic layer forming the capillary tube. The coupled 
excitation lig^t will undergo TIR at the interic^- surface/solution inter&ce of the tube, thus 
selectively exciting fluorescently labeled biosensors attached to the tube walls, but not the 
bulk solution. In one embodunent, detection can be accomplished using a lens-coupled or 
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proxhnity-coupled large area segmented (pixilated) detector, sudbi as a CCD. In a particular 
eimbodimen^ a scanning (i.e., longitudinal/aKiai and azimnthal) microscope objective 
lais/emission filter combination is used to image the biosensor substrate onto a CCD 
detector. In a different embodiment, a high resolution CCD detector with an emission filter in 

5 fiont of it is placed in extremely cfese proxhnity to the capillary to allow direct imaging of 
the bios^css. In a different ^bodhnent, hi^y eSGcient detection is accomplished usmg a 
mirrored tubular cavity that is elliptical in cross-section. The sensor tube is placed along one 
focal axis of tiie cavity, while a side-window FNfT is placed along the other focal axis with an 
emission filter in fiont of it Any lig^t emitted from die biosensor tube in any direction will 

0 be collected by the cavity and focused onto the window of the PMT. 

In still another mbodiment, the optical properties of a target activated biosensor are 
analyzed using a spectrometer (e.g., such as a luminescoice spectrometer) which is in 
communication with the biosensor. The spectrometer can perform wavelength discrimination 
for excitation and detection using either monochromators (i.e., di£Qraction gratings), or 

5 wavelength bandpass filters. In tijis embodiment, biosaasor molecules are excited at 

absorption maxunuma appropriate to the signal labeling moieties being used (e.g., aoridine at 
450 nm, fluorescein at 495 mn) and fluorescence intensity is measured at emission 
wavelengths ^propriate for the labeling moiety used (e.g., acridine at 495 nm; fluorescein at 
515 nm). Acbievmg sufBcient spectral separation (i.e., a large oiough Stokes shifl) between 

0 the excitation wavelength and tiie emission wavelength is critical to tiie ultimate limit of 
detection sensitivity. Given tiiat the intensity of the excitation light is much greater than that 
of the emitted fluorescence, even a small fraction of the exdtation light bemg detected or 
amplified by tiie detection system will obscure a weak biosens(»r fluorescence emission 
signal. In one embodiment, the biosensor molecules are in solution and are pipetted (either 

S manually or robotically) mto a cuvette or a weU in a microtit^ plate within the spectrometer. 
Jn a furth^ embodiment, the spectrometer is a multifimction plate reader capable of detecting 
optical changes in fluorescence or luminescence mtensity (at one or more wavelengtiis), time- 
resolved fluorescence, fluorescence polarization (FPX absorbance (epi and transmitted), etc., 
such as tbe Fusion multifunction plate reader system (Packard Biosciences, Merid^ CT). 

0 Sudi a system can be used to detect optical changes in biosensors either in solution, bound to 
the surfitce of microwells in plates, or immobilized on tiie sur&cc of solid substrate (e.g., a 
biosensor microarray on a glass substrate). This type of multiplateAnultisubstrate detection 
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system, coupled with robotic liquid handling and sample manipulation, is particularly 
amenable to high-throughput, low-volume assay formats. 

In embodiments where nucleic acid sensor molecules are attached to substrates, such 
as a glass slide or m microarray format, it is desirable to r^ect any stray or background light 

S in ovdGi to permit the detection of very low intensity fluorescence signals. In one 

embodlmoit, a small sample volume (-10 nL) is probed to obtain spatial discrimination by 
using an appropriate optical configuration, such as evanescent excitation or confix^ imping. 
Furtberm(»^ badcground li^t can be minimized by the use of narrow-bandpass wavelength 
filters between the sample and the detector and by usmg opaque shielding to remove any 

0 ambient light fiom the measurement system. 

In one embodiment spatial discrimination of nucleic acid sensor molecules attached 
to a substrate in a direction normal to tiie mt»-&ce of &e substrate (i.e., citation of only a 
small thickness of the solution layer directly above and surrounding the plane of attachment 
of the biosensor molecules to the substrate sur&ce) is obtained by evanescent wave 

5 excitation, lliis is illustrated m Figure 14. Evanescent wave excitation utilizes 

electromagnetic energy that propagates into the lower-index of refraction medium when an 
electromagnetic wave is totally internally reflected at the interface between higher and lower- 
refractive index materials. In this embodiment a collimated laser beam is incident on the 
substrate/solution interface (at which the biosensors are unmobilized) at an angle greats, than 

0 the critkal angle for total intmial reflection (TIR). This can be accomplished by directing 
light mto a suitably shaped prism or an optical fiber. In the case of a prism, as shown in 
Figure 14, the substrate is optically coupled (via index-matching fluid) to the upp^ surface of 
the prism, such that TIR occurs at the substrate/sohition mter&ce on ^ich the biosensors are 
immobilized. Using this method, excitation can be localized to wiAin a few hundred 

S nanometers of the substrate/soluticm uxter&ce, thus elimmating autofluorescence badcground 
&om the bulk analyte solution, optics, or substrate. Target recogniticm is d^ected by a change 
in the fluoresc^t emission of the nucleic acid sensor, wiiether a dtange ia intensity or 
polarization. Spatial dis<7unination in the plane of the interface (i.e., laterally) is achieved by 
the optical system. 

0 In one embodiment, a large area of the biosensor substrate is uniformly illuminated, 

either via evanescent wave excitation or epi-illumination from above, and the detected signal 
is spatially encoded through the use of a pixelated detector, such as CCD camera. An 
example of this type of uniform illummation/CCD detection system (using qpi-illumination) ) 
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for Hie case of microarrayed biosensors on solid substrates is fhe GeneTAC 2000 scanner 
(GenomicSoIutioDs, Ann Arbor, MI). In a diSerent embodiment, a small area (e.g., 10 x 10 
microns to 100 x 100 micions) of the biosrasor substrate is illuminated by a micro- 
collimated beam or focused spot. In one embodiment, the excitation spot is rastered in a 2- 

5 dimensional scan across the s^c biosrasor substrate sur&ce and tiie signal detected (with an 
integrating detector, such as a PMT) at each point correlated with the spatial location of that 
pomt on the biosensor substrate (e.g^ by the mechanical positioning system responsible for 
scanning the excitation spot). Two examples of this type of moving spot detection system for 
tiie case of mionoarrayed hiosensors on solid substrates are: the DNAScope scanner 

0 (confocal, epMllumination, GeneFocus, Waterloo, ON, Canada), and the LS IV scanner (non- 
confocal, epi-illumination, GenomicSolutions, Ann Arbor, MS). In y^ anpther embodiment, a 
small area (e.g., 10 x 10 microns to 100 x 100 microns) of the biosensor substrate is 
illmninated by a stationary micro-collimated beam or focused spot, and the biosensor 
substrate is rastered in a 2-<)imensional scan beneath the static excitation spot, with the signal 

5 detected (with an integrating detector, such as a PMT) at each point correlated with the 
spatial location of that point on the biosensor substrate (e.g., by the mechanical positioning 
syst^ responsible for scanning the substrate). An example of this type of moving substrate 
detection (using confocal epi-illumination) ^stem for the case of microarrayed biosensors on 
solid substrates is the ScanArray 5000 scanner (Packard Biochip, Billerica, MA). 

0 In die embodiment shown in Figure 14, a TIR evanescent wave excitation optical 

configuration is implemented, with a static substrate and dual-capability detection system. 
The detection systotn is built on the frame of a Zeiss universal fluorescence microscope. The 
system is equipped with 2 PMTs on one optical port, and an intensified CCD camera (Cooke, 
St. Louis, MO) mounted on the other optical port The optical path utilizes a moveable minor 

5 which can direct die collimated, polarized laser beam through focusing optics to form a spot, 
or a beam expander to form a large (> 1cm) beam whose central portion is roughly uniform 
over the field of view of the objective lens. Another movable muror can direct the light either 
to the intensified CCD camera when using large area uniform illummation, or to the PMTs in 
the scanned spot mode. In spot scanning mode, a polari2ing beamsplitter separates the 

0 parallel and perpendicular components of the emitted fluorescence and directs each to its 
designated PMT. An emission filter in the optical column rejects scattered excitation light 
from either type of detector. In CCD imaging mode, manually polarizers in the optical 
column of the microscope must be adjusted to obtain parallel and perpendicular im^es fixnn 
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which the fluorescence polarization or anisotropy can be calculated. A software program 
interfaces with data acquisition boards in a computer which acquires the digital output data 
ftom both PMTs and CCD. This program also controls the PMT power, electromechanical 
shutters, and galvanometer mirror scanner, calculates and plots fluorescence polarization in 

S real time, and displays FP and int^ity images. The images and data shown in Figure 13 
were acquired usuig a 2.5x objective lens^ 30 mW laser power, and 100 msec int^raticm time 
per point, at a resolution of 40x40 points in X and Y. The FP titradon curve shown in Rgure 
1 20 is for the tfarombin-qiecific biosensor spot The measured value was approximately 
1 S nM in a biological fluid consisting of 10% human serum in |rfiosphate buffered saline 

0 (PBS). 

In anotiier embodiment, the detection system is a single photon counter system (see, 
6.g^ U.S. Platent Number 6,016,195 and U.S. P&tent Number 5,866,348) requiring rastermg of 
tiie sensor substrate to unage larger areas and survey ttie different bindmg regions on the 
biosensor. 



B. Detection to Targets of Physiological and Pharmacological Interest 

Any optical method known in the art, in addition to those described above can be used 
in the detection and/or quantification of all targets of interest in all sensor formats, in both 
biological and nonbiological media. These targets include, e.g., those listed in the Table in 
Section 4Bii, entitied: *TExemplary pathway target molecules mclude^ eg.:". 

4. Methods of Using Nucleic Acid Sensor Molecules 

A. Diagnostic Assays 

The target activated biosensors according to the invention can be used to detect 
vfatually any target molecule upon selection of the appropriate nucldc acid precursor 
molecule. In one embodiment, the target molecule is a target molecule associated with a 
patholo^cal condition and d^ection of changes in the optical properties of the nucleic acid 
sensor molecules of the biosensor provides a means of diagnosing the condition. Taiget 
molecules which are contemplated withm the scope mclude, e.g. proteins, modified forms of 
proteuis, metabolites, organic molecules, and metal ions, as discussed above. Because signal 
generation m this system is reversible, washmg of the biosensor(s) m a suitable buffer will 
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allow the biosrasor(s) to be used multiple times, enhancing the reproducibility of the any 
diagnostic assay smoe the same reagents can be used over and over. Suitable wash buffers 
inchide» e.g., bmding bufiGsr without target or, for &ster washing, a high salt bufifer or other 
denaturing conditions^ followed by le-equilibration whfa binding bufi^. 
5 R&-use of fhe bio sensor is enhanced by selecting optimal fluorophores. For example, 

Alexa Fhior 488, produced by Molecular Probes, has sunilar optical characteristics compared 
to fluorescein, but has a much longer lifetime. Howevor, in one embodnnent, a site 
recognized by a nuclease is engnieered proximal to the signal generis^ 
ccmiprismg signaling moieties are removed fiom tiie biosenscur and replaced by new 
10 sequences, as needed. 

L Profiling Biosensors for Use in Diagnostic Assays 

In one embodiment, the expression pattern of a plurality of target molecules is 

IS determined to obtain a profile of target molecules associated with a trait in an individual to 
determine an expression pattern ^ch is diagnostic of that trait In this embodiment, 
combmations of biosensors targeted to mdividual target molecules are selected until a 
signature optical profile is detenauned ^^lich is characteristic of a trait. lYaits include, e.g., a 
disease, a gmetic alteration, a combination of genetic alterations (e.g., a polygenic disorder), 

20 a physiological reaction to an ravnonm^tal condition, or a wild type state (e.g., of an 

organism or of an organ system). The target molecules which generate the signature optical 
profile are idoitified (based on fhe type of biosensors used) as signature target molecules. 
The expression of the signature target molecules can thereafter be determined to identify tiie 
presence of tiie trait in a patient. 

25 The e^qpression of tiie target molecules can be identified using any molecular 

d^ection system known in the art; however, hi a preferred embodiment, the detection system 
comprises nucleic acid sensor molecules and the trait is identified by detecting tiie signature 
optical profile. In one embodiment, data relating to the signature optical profile is stored in 
the memory of a computer. Signature optical profiles can be generated for individual patients 

30 or can be g^erated for populations of individuals. In the latter embodim^t, data relating to a 
composite signature profile (e.g., comprising normalized data) is stored in the memory of a 
computer or in a compute program product. 
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Because the biological function of the target molecules does not need to be knoTvn, 
the biosensors according to the mvention can be generated wdiich are diagnostic of 
diseases/traits whose biological basis is not yet known or are the result of complex polygenic 
interactions and/or of environmental m£(uences. In one embodiment^ nucleic acid s^sor 

5 molecules are identified which are actrvatable by synthetic polypeptides obtained fix>m 
putative open reading frames identified in the human genome project and/or in odier 
sequencing efforts. Combinations of these acQvatable nucleic acid sensor molecules (along 
with activatable nucleic acid sensor molecules specific for target molecules with known 
functions) are idaitified which generate a diagnostic optical signal, and signature target 

1 0 molecules are in turn identified vdiich are linked to a particular trait, allowing a biological 
activity to be associated witii a previously uncharacterized molecule. 

Data relating to signature target molecules or to the optical signals genmled upon 
activation of nucleic add s^or molecules upon binding to signature tai^et molecules is 
stored in a database, which can include fiirther information such as sequem^e infonnation or 

15 diemical structure information relating to the signature target molecule. A signature profile 
relating to a particular trait is generated based on normalized data 6om a plurality of tests. In 
one embodiment, a signature profile is obtained by determining any or all of the level, 
chemical structure, or activity, of signature target molecules associated with a disease in 
samples from a population of healthy individuals to determine a signature profile 

20 corresponding to a healthy state. In a fintfaer embodiment, signature profiles are obtamed 
using data firom subsets of populations which are divided into groups based on sex, age, 
exposure to aivhtmmental &ctors, ethnic badcground, and &mily history of a disease. 

B* Drag Discovery 

23 Generally, methods of drug discov^ comprise steps of 1) identifymg target(s) 

molecules associated with a disease; 2) validating target molecules (e.g., mimicking die 
disease m an animal or cellular model); 3) developing assays to identify lead compounds 
which af&ct tiiat target (e.g^ such as using libraries to assay tiie ability of a compound to 
bmd to the target); 4) prioritizmg and modifying lead compounds identified through 

30 biochemical and cellular testing; S) testing in animal models; and 5) testing in humans 

(clinical trials)* Through the power of genomics and combuiatorial diemistiy, large numbers 
of lead compounds can be identified in high throughput assays (step 3); however, a 
bottieneck occurs at step 4 because of the lack of efBcient ways to prioritize and optimize 
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lead cx>inpounds and to identify diose which actually offer potential for clinical trials. The 
targ^ activatable nucldc acid sensor molecules according to the present invention offer a 
way to solve this problem by providmg reagents which can be used at each step of the drug 
development process. Most fanportantly, flie target acdvatable nucleic acid sensor molecules 
S . according to the present inveotim offer a way to correlate biochemical data^ 

biochemistiy and cellular assays, mOx the effect of a drug on physiological response fiom a 
biological assay. 

Li one embodiment of invention, a method for identifying a drug otxnpoimd is 
provided, comprising identifying a profile of target molecules associated with a disease trait 

10 ma patient, administering a candidate compound to the patient, and monitoring dianges m 
the profile. &i another embodiment, ttie monitored profile is compared wiOi a profile of a 
healthy patient or population of healthy patients, and a compound which generates a profile 
whidi is substantially similar to the profile of target molecules in the healthy patient(s) (based 
on routine statistical testing) is identified as a drug. In a further embodiment, both the 

15 profilmg and the drug identification step is perfoimed using at least one sensor molecule 
whose properties change upon binding to a target molecule. 

In a fiulher embodiment, a method for identifying a drug compound comprises 
identifying a plurality of pathway target molecules, each belonging to a pathway, monitoring 
the l^el, ch^ical structure, and/or activity of pathway target molecules in a patient having a 

20 disease trait, administmng a candidate compound to the patient, and monitoring changes in 
the level, chemical structure, and/or activity of the pathway taiget molecules. In another 
embodimsi^ the monitored level, chemical structure, and/or activity of the patiiway target 
molecules is compared to the level, ch^cal structure, and/or activity of pathway target 
molecules in a wild type patient or patients. In a fiirth^ embodiment, both profilmg and the 

25 identification of drug compounds is perfomed using at least one sensor molecule whose 
properties change upon binding to a pathway target molecule. 

Propoties acc(»rding to this aspect include, e.g., optical properties, change hi 
sequence^ ch^cal structure, catalytic activity, and/or molecular weight. In a preferred 
embodiment, s^dsor molecules are target activated nucleic acid sensor molecules. 

30 

L Target Activated Biosensors for Use in Identifring Lead Compounds 
In one embodhnent, biosoisors activatable by signature target molecules, identified as 
described above, are provided and are validated by testing against multiple patient samples 
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in vitro to verify that the optical signal generated by these molecules is diagnostic of a 
particular disease. Validation can also be performed ex vivo, e.g., in cell culture, (using 
microscope-based detection systems and other optical systems as described in U.S. Patent 
Number 5,843,658, U.S. Patent Number 5,776,782, U.S. Patent Number 5,648,269, and U.S. 

5 Patent Number 5,5 85,245) and/or in vivo, for example, by providing a profile biosensor in 
communication with an optical fiba*. 

The incorporation of biosensors into fiber optic waveguides is known in the art (see, 
e.g., U.S. Pat^ Number 4,577,109, U-S. Patent Number 5,037,615, U.S. Patent Number 
4,929,561 , U.S. Patent Number 4,822,746, U.S. Patent Number the entireties of 

10 whidi are incorporated by reference herein). The selection of fluorescent ^ergy transfo 
molecules for in vivo use is described in EP-A 649848, for ^cample, hi this embodiment 
nucleic-acid based biosensors are introduced into tiie body by any suitable mecKcal access 
device, such as an ^doscope or a catheter. The optical fiber is provided within a woridng 
lumen of the access device and is in communication with an optical imaging syst^n. 

15 In me mbodimsit, the same methods which are used to validate fte diagnostic value 

of particular sets of target molecule/nucleic acid sensor molecule combinations are used to 
identify lead compounds which can function as drugs. Thus, in one embodiment, the effects 
of a compound on target depends optical signaling is monitored to identify changes in a 
signature profile arising as a result of treatment with a candidate compound. 

20 In one embodiment, samples from a treated patient are tested in vitro; however, 

samples can also be tested ex vivo or m vivo. When the diagnostic profile identified by the 
biosensor changes from a profile which is a signature of a disease to one which is 
substantially snnilar to the signature of a wild fype state (e.g., as determined using routine 
statistical tests), tiie lead compound is identified as a drag. Target molecules which activate 

25 the biosensor comprise can comprise molecules witii diaracteiized activity and/or molecules 
witii undiaract^ed activity. Because large number of target molecules can be monitored 
simultaneously, the mefliod provides a way to assess the affects of compounds on multiple 
drug targets simultaneously, allowing identification of die most s^itive drug targets 
associated witii a particular trait (e.g., a disease or a genetic alteration). 

30 Examples of suitable target molecules inchide, e.g., nuclear hormone receptor (NHR) 

polypeptides; (^coupled protein rec^rtor (GPCR) polypeptides^ phosphodiestease (PDE), 
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NHR polypeptides 

Included in the invention are methods of identiifying riboreporters such as allosteric 
ribozymes^ signaling aptamer s or aptamer beacons far detection of conformational isoforms 
of nuclear hormone receptors, as well as the riboreporters identified by &e methods described 
5 herein. 

Nuclear honnone recqptors (NHRs) act as ligand-inducible transcription fectors by 
directly interacting as monomers, homodimers, or heterodimers in complex with DNA 
resptMise elemenb of target genes. The activation of these transcription regulators is induced 
by 4ie change in conformation of the NHR upon complex formation with Uganda 

10 Provided are mediods for generathig unique biosensors for each NHR Ugand binding 

domain. Hie bioswors described herein can mchide, e.g., riborqpQrters such as allosteric 
ribozymes (ARsX including those derived from the hammerhead, hairpin, LI ligase or groupl 
intron ribozymes and the b'ke, or the riboreporter may be derived fix)m aptamer beacons or 
signaling aptamers, any of which transduce molecular recognition into a detectable signal. 

15 Also provided is a direct mechanistic assay for the action of small molecule ligand- 

agonism, -antagonism and partial antagonism of members of the NHR fmiily. The 
mechanistic assays function in both in vitro biochemical as well as with in vitro cell<based 
settings. In the mvz/ro assay setting, the ribc^reporters (allosteric rib^ 
aptamer, or aptamer beacon) are designed to recognize one conformational isomer of the 

20 NHR. In one embodimeiit; the riboreporter recognizes the unique conformation that exists 
for the agonist bound form of a hormone recqitor; such as that obs^ed for the estrogen 
receptor ligand binding domain ER(lbd} when bound to estrogen [Shiau AK, Barstad D» Loria 
PM, Cheng L, Knshner PJ, Agard DA, Greene GL. Cell. 1998 Dec 23;95(7):927-37.] and 
then produces a detectable signal, such as release of fluorescently labeled oligonucleotide, 

25 radiolabeled oligcmucleotide, or reveals a change in riborqiorter conformation driven by 
ligand binding through a change hi fluorescence or the like. Hrace, m this embodim^ the 
riboxq>orter transduces molecular recognition of the ER-estiogen agonist complex mto a 
detectable signal. The level of the signal is then used to quantify the amount of ER-estrogen 
agonist complex present in solution. In anoth^ embodiment, the ER**estrogen specific 

30 riboreporter is used as a screening tool in assays designed to detect inhibitors of £R-estrogen 
complex formatioiL These screening tools can be used to determine the inhibition potboy of 
compounds in in vitro biodiemical assays or in i>i vitro cell-based assays. Inhibitors of 
estrogen binding to ER(ubd) are useful as anti-proliferative agents for treatment of breast 
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cancers (e.g., tamoxifen) and other estrogen depend^t diseases. In another embodiment, 
riboreporters are introduced into cell lines by known methods of transduction, transfecdon or 
' coupling to peptide translocating agents such as tat or antenopeadia peptides. In another 
embodiment, the ER-estrogen complex specific riboreport^ is an allost^c mtron unbedded 

5 in a reporter gene such as GFP or luciferase or tbe like. Whm the mtrcm dmved riboreporter 
is expressed within the rq)orter gene it renders reports gene expression effector dep^dent 
Thus, ui one embodiment fimctional OFF protem is expressed only when fhe ER-estrogm 
complex is presoit in the cell, and inhibitors of ER-estrogen complex fonnation thus block 
fimctional GFP protein expression m appropriate mammalian such as MCP7 or T47D» yeast 

0 or bacterial cell lin^. In a further embodiment the MCF7 or T47D tumor cell lines 

transfected ^dtb GFP-BR.*«5trogen riboreporter sensitive construct are used to form tumor 
x^iografis in nude mice. Thus, the trans&cted tumor xenograft cell lines can be used to form 
tumors in mice which are not only estrogm dependent but also regulate reporter gene 
expression in ER-estrogen depend^t manner. Hiese cell lines and tumor models are used to 

5 discover inhibitors of ER-estrogen complex fonnation in vn^a. 

NHR ligand binding domains bind antagonists and form additional conformational 
isomers. When antagonists are bound to the receptor a new conformer results such as that 
observed upon tamoxifen binding to the estrogen recqptor to fiarm a stable ER-tamoxifen 
complex [Shiau AK, Barstad D, Loria PM, Cheng L, Kushner PJ, Agard DA, Greene GL. 

0 Cell, 1998 Dec 23;95(7):927-37.]. Accordmgly, the invention includes use of an ER- 

tamoxifen specific riboreporter that is used to detect the levels of antagonist specific complex 
in both In vitro biochemfeal, cell-based and, in m vivo assays as described above. 

Riboreporters can be developed that are specific for the ligand bmding domains of all 
NHRs. in addition, it should be clear diat riboreporters for agonist, antagonist, dimeric or 

5 multimeric forms of NHR LBDs can be used to screen for inhibitcns of LBD fimcdon and 
therefi>re for inhibitors of NHR dependent transcriptional activation or repression. It should 
be clear to one skilled in fhe art that riboreporters specific for mdividual LBD complices can 
be used to screen for agents that modify NHR fimction m in vitro and in m vivo assays. 

NHRs are muMdomain proteins containmg a variable NBQ-tmunal region (A/B), a 

0 conserved DNA binding domain (DBD) or region C, a linker region D, and a conserved 
region E that contains the ligand biding domain (LBD). NHRs also contam regions required 
for transcriptional activation, of particular interest is the region AF-2 which is located in the 
COOH-terminus and whose function is strictly ligand dependent Provided herein is a 
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mefliod for gaieiating unique riboreporters to each of the 63 known human NHRm LBDs. In 
addition, methods are desaibed fhat enable g^eration of riboreporters capable of 
recognizing the activated state of the NHR by selection for riboreporters geometries which 
signal the presence of either tiie activated or mactivated conformation (NHR with bound 
5 ligand)) but whose signaling action is quiescent in ibe presence of other forms of the NHR. 

The riborqportefs allow the direct, simultaneous, and rapid detection of the activation 
states of all NHRs. This tool can be used m in vitro assays for receptor activation with 
agonists and antagonists, and can be used to generate cell lines and animal models that report 
on die activation state of such receptors in a biological setting and as a function of drug or 
10 drug lead. 

GPCR Riboreporters 

Also provided by the invention are riboreporters such as allosteric ribozymes, 
signaling aptam^, or aptam^ beacons for detection of conformational isofonns of G-protein 
coupled receptors. 

15 G-protein coupled receptors (GPCRs) play fundamental roles in regulating the activity 

of vhtually every cell. Upon binding of extracellular ligands, GPCRs interact with a specific 
subset of heterotrimeric G-proteins that can then, in their activated forms, inhibit or activate 
various effector enzymes and/or ion channels. Molecular cloning studies have identified over 
multiple human GPCRs, and have identified the ligands for many of these. 

20 GPCRs uiclude three domains: an extracellular N-terminus, a central domain of seven 

trans-membrane helices, and a cytoplasmic C-tmninus. Activation of GPCRs is induced by 
ligand binding, which causes a confonnational change m the recqrtsor and exposes 
cytoplasmic helices n and m, as well as helbc VIL The invention provides a method to 
generate unique biosensors for each GPCR. The biosensors described herein include 

25 riboreporters such as allosteric ribozymes (AR), such as those derived fiom the hammerhead, 
hairpin, LI ligase or group 1 intron ribozymes and tiie like, or the riboreport^ may derived 
fiom aptamer beacons or signaling aptaraers, and of which transducer molecular recognition 
into a detectible signal. 

Upon the activation by an extracellular ligand or stimuli, G-protein coupled 

30 receptor(GPCR) polypeptides activate intracellular Ga-protein. A GPCR can activate a 
number of Ga-^jroteins. For example, adrenergic receptors activate Gi, which inhibit 
adenylyl cyclases, Gs, which stimulate adenylyl cyclases, and Gq, which regulate cellular Ca 
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ion level(Wenzel-Seifert and Seifert 2000). Thus, it is highly desirable to distinguish the 
class of Ga-f rotems which are activated through the GPCR of interest in cell. 

The initial drug screening of the GPCRs is nonnally performed by competition assay 
with radiolabeled ligands. For a cell based GPCR assay^ incoiporation of radiolabeled GTP 
5 can be measured to detect the couplmg of Ga-protein and GPCR, however fliis assay does 
not distinguish the type of Ga-proteins involved. The assays for the effect on individual 
effectors, such as the Ca^ flow or cellular cAMP level, are also used, but only the selected 
downstream signal can be measured at time. 

Upon activation, Ga-protein goes signiiScant conjfonnational change which results in 

10 release of GDP and association wMi GTP (Colraan and Sprang 1998). It also dissodates 
from its Py-subunits. Tliis activated form of Ga-protein tfam becomes capable of mleracting 
with its e%ctor(Li, Stemweis et al. 1998). The well-dbaracteiized confcsmation change 
takes place in three swtiches; switch I (residues 177-187 in Gial), switch n (residues 199- 
219 in GialX and switch in (residues 231-242 in Gial). The sequences and flie 

IS conformational changes in these switches are well conserved among Ga-^proteins. 

Ras is a memb^ of small GTPase protein, which shares signi&ant similarity. GTP- 
bound ras and ODP-bound ras can be distinguished by RBD (ras binding domain) of Raf- 
l(Taylor, Resnick et al. 2001). The activated state of Rapl can be id^tified by RalRDS 
(Franker Akkerman et al. 1997). This indicates significant change in the sur&ce of the 

20 protein, and the effector binding surface are only available for intmction in GTP complex 
form. 

The invention provides methods for selecting riboreport^ v^ch recognize the 
conformational change upon GTP bmding and/or specifically interact with newly exposed G- 
protein effector binding sites upon the activation. Class-specific activated Ga-protein 

25 riboreporters recognize the activated Ga-protems or hs effector binding site, whidi allow us 
to interpret the multiple type of downstream signal affect by the GPCR. It can used in both in 
vitro HTS and cell-based HTS. 

Also described is a method for developing a direct medianistic assay of the action of 
small molecule ligand-agonism, -antagonism, and partial antagonism of memb^s of the 

30 GPCR family. The mechanistic assays function in both in vitro biochemical and in vitro cell- 
based settings. In the m vitro assay setting, the riboreporters (allosteric ribozyme, signaling 
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aptamor, or apfam^ beacon) are designed to recognize one confonnational isomer of the 
GPCR. 

In one embodiment^ flie riboiepofter recognizes Ihe unique conformation that exists 
for the activated state ^en in complex with ligand; such as fhat observed for the beta-2 

5 adrener^c receptor when in complex with flie artificial ligand isoproterenol (Ghanouni et al., 
PNAS USA, 98:5997-6002(2001)) and then produces a detectable signal, sndi as release of 
fluoresc^y labeled oligonucleotide, radiolabeled oligonucleotide, or reveals a change in 
ribcneporter confixmafion driven by ligand bmdbg ttrou^ a change in fluorescence or the 
like. Hence, in this ombodim^t, the riboreporter transduces molecular recognition of the 

0 beta-2 adreneigic receptor - in complex vdtii epinqihrine, norBpinq)farine or an artificial 
ligand such as isoproterenol into a detectible signal The level of the signal is then used to 
quantifytfae amount of beta-2 adrenergic receptor-agonist complex present in solution. 

In another embodiment, the beta-2 adrenergic-agonist riboreporter is used as a 
scTcening tool in assays designed to detect agonists of the beta-2 adrenergic receptor. These 

S sheening tools can be used to determine the activation potency of compounds in in vitro 
biochemical assays or in in vitro cell-based assays. Agonists of the beta-2 receptor are usefol 
m the treatment of asthma (Robmson, et al. Lancet 357:2007-201 1(2001)). In another 
embodim^ riboreporters are introduced into cell lines by known metiiods of transduction, 
transaction, or coupling to peptide translocating agents such as tat or anteamapoedia peptides. 

0 M another embodiment ttie beta-2 adrenergic receptor-agonist complex specific 

riborqK>rter is an allosteric mtron imbedded in a r^rter g^ such as GFP or hiciferase or 
the like. When tiie intron-derived reporter is expressed within the reporter gene it renders 
reporter gene expression effector dqjendent. Thus» in one embodiment fimctional GFP 
protein is e}q[yre5sed only when die beta-2 adrenergic recqitor-agonist complex is present in 

!5 the cell, and inhibitors of beta-2 adrenergic rcfceptor-agonist complex formation this block 
fimctional GFP protem expression in appropriate cells such as manunalian human peripheral 
blood leukocytes, yeast, insect, or bacterial cell lines. 

In a further embodiment, Chinese hamster fibroblasts, which do not express beta- 
adrenergic receptors (Sheppaid, et ah, PNAS USA 80:233-236(1983)), are transfected with 

10 both the riboreporter and the gene coding for tiie beta-adrenergic receptor under a constitutive 
promoter, are used to create a model cell line suitable for HTS screenmg of candidate beta-2 
agonists. Furthermore, cells can be caused to express known allelic variants, such as gln27- 
to-glu associated wifli obesity (Large, et al, J Clin. Invest 100:3005-3013X to create cells 
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lines which model specific disease states, Fuithennore, chimeric mice can be (treated by 
"knock-in" (Monroe et al^ Immunity 1 1 :201-212(1999)) which will express the riboreporter 
in every cell as tiie result of blastocyst fiision (Chen et al., PNAS USA 90:4528-4532(1993), 
and used for phannokinetic or bioavailability studies m which the GPCR aotivatian states of 
5 various tissues m the organism are of concern. 

GPCRs bind antagonists, which cause the GPCRS to become resistant to 
conformational changes, or result in conformations not susceptible to activation, or blockade 
the ligand binding domain fimn int^wtion with the appropriate ligand and thus prevent 
activation of the GPCR, such as the betar2 adrenergic xGceptat antagonist butoxamine 

10 (Horinouchietal., Pharmacology (2:98-102(2001)). Hence, the invention also provides a 
method for usmg a riborepoiter to detect conformers which result from bmding of GPCRs to 
antagonists. Furthermm, when the cell line described above is transfected with a mutant 
variants of GPCRs which spontaneously adopt the active confimnation, such as lys272-to-ala 
(Pei,^ al., PNAS USA 91 :2699-27Q2(1994) and refer^ices therein) the riboreporter can be 

15 employed m a screen for conqx>unds which are beta-2 antagonists (Ramsay etal, Br. J 

Pharmacol 133:315-323(2001)). Antagonists of the beta-2 receptor are useful in the treatment 
of cardiovascular diseases (Nagatomo, dt al., Cardiovasc Drug Rev 19:9-24(2001)). The 
invention accordingly provides a method for using a Beta-2 adrenergic receptor - butoxamine 
complex-specific riboreporter tiiat is used to d^ect the levels of an antagonist specific 

20 complex in both in vitro biochemical, cell-based, and in vivo assays as described above. 

Rjboreporters can also be developed that are specific for the occupancy state of the 
ligand-binding domains of all GPCRs. In addition, riboreporters for the agonist, antagonist, 
dimerlc, or muMmeric fonns of all GPCRs can be used to screra for inhibitors or activators 
of GPCR function and thcrofore fbr mhibhors or activators of GPCR-dependent ceU signaling 

25 pathways. Riboreporters specific for individual GPCR complexes can bo additionally be used 
to screen for agents that modify GPCRs in m vitro and in vivo assays. 

GPCRs are broadly divided into three domains, an extraceUular N-tenninal, a 
cytoplasmic c-tCTiinal, and a central domam with seven transmembrane hefices connected by 
unstructured loops. Upon GPCR activation, loops C-II and C-III, and helix Vn become 

30 cytoplasmically accessible. The me&ods described herein allow for generatmg unique 

riboreportm to any GPCRs In addition, methods are described that enable the genoation of 
riboreportears capable of recognizing the activated state of the GPCR by selecting for 
riborq)orter geometries which signal the presence or absence of the activated conformation of 
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•I- 

the receptor through recognition of one or all of the mobile domains, but whose signaling 
action is quiescent in the presence of other forms of the GPCR. 

Phosphodiesterase'Specific riboreporters 
5 MuMple classes ofphosphodiesterases have been identified in humans. These 

enzymes catalyze a reaction tihat converts second messmger cAMP and cGMP into 5'-AMP 
and S'-GMP. Dififerent class of PDEs have difiEbrent substrate specificity as well as different 
physiological function. For ^cample, PDE45 are specific Sat cAMP and PDE5 are specific 
forcGMP. 

10 The invention provides multiple classes of PDE riboreporters. Use first class of 

. riboreporters can distinguish cAMP vs. S'AMP (cGMP vs S'GMP) (Koizumi, Kot et al. 
1999) (Koizumi, Soukup et al. 1999). The second class of riboreporter binds to the active site 
of PDE in a class specific manner and inhibits PDE catalytic activity. This class of 
riboreporter can be raised using PDEs in the presence and absence of high affinity known 

15 inhibitors (e.g. Ropalim for PDE4). The third class of riboreporter recognizes PDE in a class- 
specific (eg. PDEl-1 1) or subclass-specific (PDE4A«D) manner. 

Protein Mnase-specific riboreporters 

The invention also provides riboreporters raised against protein kinases. In one 

20 embodim^ the inv^on provides riboreporters that are sensitive to the phosphorylation 
state in a given peptide sequence. Altmiatively, native proteins can be used wi& different 
phosphorylation states in order to raise riboreporters tiiat are sensitive to phosphorylation 
state. For example, ERKl/2 and phosphoiylated ERKI/2 can be distinguish by specific 
riboreporters (Seiwert, Stines Nahremi et al. 2000). The riboreporter also can be competitive 

25 inhibitor for kinase by bindmg at ATP or substrate binding sites. 

Alternatively, an ADP-dependent riboreporter can be obtained at lower pH. These 
riboiqporCers can be used to detect tiie production of ADP. 

30 ii. Pathway Profiling Biosensors 



As shown in Figure 7, physiological function is modulated by complex pathways, 
each of which may have multiple overlapping and intersecting steps. Furthermore, the 
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proteins involved in these pathways are highly homologous and can have overlapping 
substrates and drug specificities. Using current techniques, it is possible only to monitor the 
response of single elements of a pathway. These techniques are inadequate to understand the 
mechanism of drug interactions. For example, a particular drug found to have a particular m 

S vitro activity against a smgle target in biochemical assays might interact with other proteins 
in tiie same padiway, or in other unrelated pathways. Consequ^y, physiological fiinctian is 
often uncorrelated with the results of biochemical assays of a smgle target 

Hie nucleic acid sensor molecules according to the invention provide reagents to 
simultaneously quantify the level and ch^cal state of all components in a molecnlar 

0 pathway As used herem, '^pathway taiiget molecules'* are target molecules involved in the 
same pabway and whose aocumulation/activityl and/or chemical structure is dependent on 
other padiway target molecules, or whose accumulation/activity/ and/or chemical structure 
affects the accumulation/activity and/or chemical structure of other pathway target molecules. 
Pathway target molecules according to the invention include, e.g., proteins, such as enzymes, 

5 modified forms of proteins, such as phosphorylated, sulfeted, ribosylated proteins, methylated 
proteins (Arg, Asp; N, S or 0 directed), prenylatcd proteins (such as by femesyl 
geranylgeranyl, and odier types of prenylation) acetylated or acylated proteins, cleaved or 
clipped proteins, bound or unbound forms of protems, allelic variants of a protein (e.g., 
proteins differing fiiom each oth^ by single amino acid changes in a proteinX as well as 

0 substrates, hitermediates, and products of enzymes (including both protem and non-protem 
molecule). 

In anothtf embodiment, signature pa&way target molecules are identified by pre- 
selecting a plurality of nucleic acid sensor molecules BGthatsble by pafhway-spedfic tai:get 
molecules. In one embodnnent, a pathway profiling biosensor is provided comprismg at least 

S one nucleic acid sensor molecule spedfic for every molecular species within a pathway (eg., 
a signaling pathway), to genmte a bios^isor which can monitor the levels, diemical 
structure, and/or activity of every molecular species m the pathway. 

Because of the fmite number of target molecules (as determined fifom data obtained 
from the Human Genome Project) and the high throughput of the biosensors of the instant 

0 invention (greater than 10,000 target molecules can be monitored simultaneously), the 
pathway profiling 10 biosensors of die instant invention make it feasible to evaluate the 
response of all the components of a pathway to a drug compound simultaneously. 
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In one embodiment, a pathway profiling biosenscMr reactive to the components of an 
entire pathway, is contacted with a sample from a patient having a disease, and an optical 
signal cocresponding to a disease state is d^ermined to identify signature pathway target 
molecDles vAdch are diagnostic of that disease. Samples from a plurality of patients are 

5 obtained and tested using the pathway profiling biosensor to identify a pa&way profile that is 
diagnostic of the disease, the pathway profile comprising nonnalized data relating to any. or 
all oC the levd, structure, and activity, of the signature pathway molecules. A pathway 
profile conresponding to a wild type state i s determined by testing the padiway profiling 
biosensor molecules against samples firom a population of healthy pati^ts , or subsets of 

0 populations of healthy patients. In one embodim^t, data lelatmg to the qptical signals 
generated by nucleic add sensc»r molecules activated by the signature pathway target 
molecules is stored wilhin the memory of a computer or within a computer program product 

The pathway profiles can be used in diagnostic testing as discussed above. In one 
embodiment, a pathway profiling biosensor is used in which the pathway is one which is 

S known or su^ected of being disrupted in patients having a particular trait (e.g., having a 
particular disease or genetic aIteration(s)). For example, in one embodiment, one pathway 
profiling biosensor used to evaluate samples from a patient with cardiovascular disease is a 
cholesterol metabolism pathway profiling biosensor. However, random combinations of 
pathway profiling biosensors can be used to assess the physiological state of a patient, to 

10 identify signature pathway profiles which are diagnostic of diseases whose molecular basis 
has not yet been id^itified or characterized. 

In one embodiment, pathway profiling biosensors accor^g to the mvention are used 
to assess the affect of a candidate drug on any or all of tlie level, chemical structure, or 
. activity of signature pathway target molecules to generate a drug treatment pathway profile. 

\5 In this embodunent, a pathway profilmg biosensor is contacted wi& a sample from a cell or 
physiological syst^ (e.g., a group of cells, a tissue system, an organ system, or a patient), 
and changes in optical signals are obtained whidi are correlated any, or all o^ the level, 
chemical structure, or activity of a particular pathway target molecule by relating the optical 
signal obtained to the address of the nucleic acid sensor molecule, as described above. In one 

10 embodiment, a drug treatment profile which is substantially similar to a signature pathway 
profile obtained from a heat&y population of patients (as determined by obs^ing no 
significant diff^ences in the profile by routine statistical testing, to within 95% confidence 
levels) is used to identify a candidate drug as one which is suitable for further testing. The 
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profile produced by such a drug is used to produce an effective drug treatmeaat profile, against 
which other candidate drugs can be compared. 

In another embodiment, a candidate drug is tested against a plurality of pathway 
biosensors including the one which will generate a diagnostic signature profile, to identify 
5 drugs which produce an effective drug treatment profile without effecting significant changes 
in other pathway profiles. In this embodiment, the systemic effects of a candidate drug can be 
predicted. 

In fiuther embodiments , it is desirable to use a biosensor representing less than an 
entire pathway. In one embodunent, a bios^or is provided comprising nucleic acid sensor 
10 molecules specific for signature pathway target molecules. In a fiurdier embodiment, a 

biosensor is provided which comprises nucleic acid sensor molecules necessary to evaluate 
particular components of a pathway suspected of being involved in a disease. For example, 
compounds bdng screened to identify candidate drugs that affect ameliorate diseases relatmg 
to defective DNA repair can be tested against a pathway biosensor comprising only S phase 
15 cell cyde target molecule reactive nucleic acid sensoi molecule. 
Exemplaiy pathway target molecules include, e.g.: 



iqpoptotic pathways 


Bel, Bak, ICE proteases, Ich-1, CrmA, CPP32, APOl/Fas, 
DR3, FADD containing proteins, perform, p55 tumor 
necrosis fector (TNF) receptor, NAIP. TAP, TRADD- 
TRAF2 and TRADD-F ADD, TNF, D4-GDI, NF-JcB, 
CPF32/apopain, CD40, IRF-I. p53. aiK)ptin 


blood clotting pathways 


thrombin, fibrinogen, fector V, Factor VHI- FVa, FVnia, 
Factor xi Factor Xi'a, Factors IX and X, thrombin receptor, 
thrombomodulin (TM), protein C (PC) to acdvated protein C 
(aPQ. aPC plasminogen activator uihibhor-i CPAT-i), tPA 
(tissue plasminogen acth^ator) 


calcium signaling! 


pathways 


calmodulin, calcineurin. 


CeU cycle 


GO 


MPS, CYTOSTAlTCFACrOiR(CSF) ONOJUDINGMOS) 


Pathway 


01 


mid GI phase: cdk4/cyctn DI-3 and odk6/pycUn DI-3 

late G 1 phase: cdk2/cycin E 

others: p53, p21, pl6, Rb, p2'l E2F. Cdc25A, Cdc25B 




S 


cyclin A/CDK2, cyclin B/Cdc2, SPA4, Cdc25A, Cdc25B 




G2 


G2/M transition phase: cdkl/cyciin B 1-3, cdkl/cyclin A, 
Cdc25A. Cdc25B, Cdc25C. PIN!. Chki, Myt 1, Wee 1 




M 


Cdc2/cyclin B, Plk. Cdc25C. 


Cholesterol metabolism pathway 


LDL, LDL-reoeptor, VLDL, HDL, cholesterol 
acyltrans&rase, apopiotebi E, Cholesteiyl esters, ApoA-I 
and A-IU HMOCoA reductase, cholesterol 


Fli-3 pa&way 


fIt-3 pathway flt»3, GRP-2, SHP-2, SHIP, She 


JAK/STATS signaling pathway 


Jakl, Jak2, IL-2. IL-4 and IL-7, Jak3, Ptk-2, Tyk2, EPO, GH. 
prolactin, IU-3, GM-CSF, 0-CSF, IFN gamma, LW, OSM, 
IL-12 and IL-6, IFNR-al^^ IFNR- gamma , IL-2R beta , IL- 
6R« CNTFR, Stat 1 al(^ Stat 1 beta , and Stat52-6 


MAP kinase signaling pathways 


flt-3, ras. raf, Oib2» Erk-i, Eik-2. and Sic, &b2, £pl30. 
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MEK-1, MEK-2, hsp 90, JNK, p38, Sin!, Styi/Spcl, MKK*s, 
MAPKAP kinase-2, JNKISAPK 


P53 pathway 


bax, bid, caspases, cytochrome c 


H 3 kinase pa&way 


SHIP.Akt 


ras activaticm pathways 


pl20-Ras GAP, neurofibromiD, Oapl, Ra{>GDS, Rsbs 1» 2, 
and 4, Rlnl, MEKK- 1, and phosphatidylinositoI-S-OH 

kinase (P13K), ras 


SIP signaling pathways 


GRB2, SIP, ras. PI 3-kinase 


SHC signaling pathways 


tricA, tricb, NGF, BDNF, WT-4/5, trkC, fNT-3, She, PLC 
gamma 1, Pl-3 kinase, SNT» ras, rafi, MEK and MAP kinase 


TGF-13 signaling pathways 


BMP, Smad 2, Smad4, activin, TGF 


T-cell receptor complex 


Idc, fyn, CD4, CDS, T cell receptor proteins 


MHC-Ipa&ways 


TAP protems. LMP 2. LMP 7, gp 94 HSP 90, HSP 70 



If desired, target activatable sensor molecules (ako referred to herein as riboreporters) 
can be raised against particular amino acid sequences in the polypeptides. Some 
representative peptide regions are pres^ted below. 

5 



Sequence 


enzyme 


I^R-A-&-L-6 (SEQ n> NO:S2) 


PKA 


A-A-K-I-Q-A-S-F-R-G-H-M-A-R-K-K (SEQ ID 
NO!53) 


PKC 


P-K-T-P-K-K-A-K-K-USEQ ID NO:54) 


cdc2 


E-P-P-L-S-Q^E-A-F-A-I>-L-W-K-K(SEQ ID 

NO:55) 


DNA-PK 


I>^D-D-E-E-S-I-T-R-R(SEQ ID NO:56) 


CK-1 


R-R-R-E-E-E-T-E-E-E (SEQ ID NO:57) 


CK-2 


K-K-A-L-R-R-Q-E-T-V>D-A-L (SEQ ID NO:58) 


CaMKH 


S-T-K-V-P-O-T-P-L-H-T-S-R-V (SEQ ID NO:S9) 


P38 


R-R-R-R-S-I-I-F-I (SEQ ID NO:60) 


PKA 


R-R-R-R-R-K-G-S-F-R-R-K-A (SEQ ID NO:<l) 


PKCa 


R.K-L-K-R-K-G-S-F-R-R-K-A (SEQ ID NO:62) 


PKcpi,n 


R-R-R-R-R-K-G-S-F-K-K-F-A (SEQ ID NO:63) 


PKOy 


A-A-R-K-R-K-G-S-F-P-Y-G-G (SEQ ID NO:64) 


PKC5 


Y-Y-X-K-R-K-M-S-F-F-E-F-D (SEQ ED NO:65) 


PKCe 


A-R-L-R-R-R-R-S-F-R-R-X-R(SEQ ID N0:ti6) 


PKCn 


R-R-F-K-R-Q-G-S-F-F-Y-F-F (SEQ ID NO:67) 


PKCC 


A-A-l/-V-R-Q-A<tS-V-A-F-F-F (SEQ ID NO:68) 


PKCp 


K-R-<MNS-F-D-L-F (SEQ W NO:69 


CaMKD 


F-R-M-M-S-F-F-L-F (SEQ ID NO:70) 


Phosphorylase 
kinase 


R-R-F-G-S-L-R-R-F (SEQ D> NO:71 


SLKl 


R-R-R-H-S-R-R-R-R (SEQ ID NO:72) 


SRPK2 


R-K4t-X-R-T-Y-S>F-G (SEQ ID NO:73) 


AKT/PKB 



In one embodiment, a pathway biosensor anay is generated comprising target 
activatable nucleic acid sensor molecules which are activatable by components of a cell cycle 
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pathway. In this embodiment, a cell cycle biosensor is generated comprising nucleic acid 
nucleic acid sensor molecules activatable by at least two members selected from the group 
consisting of: MPS, Cytostatic factor (CSF) (including Mos), cdk4, cyclins Dl-3, cdk6, cdk2, 
cyclin E, p53, p21, pl6, Rb, p2'7, E2F, cyclin A, cyclin B, cdU, cyclm BI-3, Cdc2, SPA-1, 

S and other biomolecules involved in ceil cycle regulation. 

In another embodiment, the cell cycle biosensor array generated is used to evaluate 10 
samples fiom patients suspected of having a disorder affecting cell proliferation (e.g^ cancer) 
and a signature target molecule profile is detmnined which is diagnostic of ttis disorder. 
Changes in the signature target molecule profile upon treatment with a cancfidate canq>ound 

0 are subsequently monitored by any or all of in vitro, ex vivo, and in vivo methods, as 
described above, to identity and/or validate lead compounds for use m canc^thenvies. 

hi fintiier onbodiments, a cell cycle bios^isor is iHx>vided comprismg a phirality of 
locations, each location comprisfaig a set of nucleic add sensor molecules activatable by 
target molecules which identify a different portion of the cell cycle. Thus, m one 

5 embodiment, a cell cycle biosensor ccxnprises at a first location, nucleic acid sensor 
molecules activatable by GO specific target molecules (e.g., MPS, Cytostatic &ctor (CSF) 
(including Mos)), at a second location, nucleic acid sensor molecules activatable by Ol 
specific target molecules (cdk4, cyclin Dl-3, cdk6, cdk2, cyclin E, p53, p21, pl6, Rb, p27, 
E2F), at a third location, nucleic acid sensor molecules which are activatable by S specific 

0 target molecules (e.g., cyclin A/CDK2, cyclin B/Cd<^ SPA-), at a fourth location, nucleic 
acid sensor molecules activatable by G2 specific target molecules (eg., cdkl, cyclin B 1-3, 
cyclm A), and at a fififa location, nucleic acid s^or molecules activatable by M specific 
target molecules (e.g., Cdc2, cyclin B). In this way the effects of diseases and/or drugs on 
specific phases of tiie cell cycle can be assessed 

5 Sunilarfy, pa&way specific biosensors can be generated for any of sqpoptotic 

pathways, blood clotting pathways, calcium regulation pathways, cholesterol metabolism 
pathways^ tiie fit-S 3 patiiway, JAKISTATS signaling pathway, MAP kinase signaling 
pathways, p53 pathway, PI 3 kinase pathway, ras activation pathways, SIP signaling 
patfaways;^ SHC signaling pathways, TGF-13 signaling pathways T-cell lecqptor complex, 

0 and MHC-I pathways, using exemplary tar^ molecules listed above, or other target 
molecule conq)onents of the respective pathways. 
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It should be apparent to those of ordinary skill in the art, that many other parthAvays 
exist whose components have been characterized and that taiiget molecides witibin these 
pathways are 

also encompassed witfain the scope (e.g., mcluding, but not iiniited to, phosphatase 

5 pafliways» transcrq>tiosi &ctor pathways^ hormone dep^dent patiiwsQrs, as well as 
intermediaxy metabolism pathways, and developmental pathways). Fmther, additional 
pafliways can be identified usmg the nucleic acid based biosensor profiling techniques 
discussed above (e.g., identifying pathway molecules involved in the fimctioning of a wild 
^e or diseased organ system, such as the cardiovascular system, central nervous system, 

10 digestive syst^ rqiroductive system, pulmonaiy Systran, ddn system, and the lil»), and 
fliese also are encompassed within the scope of the mvention. 

Alternatively, or additionally, paAway specific molecules can be identified by other 
techniques known in the art (see, e.g., U.S. Patent Number 6,087,477, U.S. Patent Number 
6,054,558, U.S. Patent Number 6,048,709, and U.S. Patent Number 6,046, 165) and used to 

15 engineer additional pathway target activatable nucleic acid sensor molecules. Because there is 
a finite number of pathway target molecules m each pathway (constrained by the absolute 
number of gpne products which have been identified) (see, e.g., Drews, Science 287: 1960- 
1964), it is feasible using the target activatable nucleic acid sensor molecules to generate 
biosensors representative of an entire pathway. 

20 In fiirtiier embodiments, sets of pathway biosensors are used to monitor the 

ejqnession/activity of target molecules representmg complex systons. Thus, for example, tiie 
effect of target molecules on the cardiovascular system and pulmonary system can be 
monitored sunultaneously. In one onbodimrait, an array representative of a phnality of 
systems in the human body is used in methods to assess the effects of drug compounds on 

25 multiple systems in the body. 

jii. Using Pattwav Nndcic Add Sensor Molecules In Drug Qptimizafion 

The pathway nucleic acid sensor molecules according to the invention can be used in 
30 . every step of a drug optimization process, as shown in Figure 8, and are suhable reagents for 
use in conventional hig^ throu^put screening systems making them extremely adaptable for 
use alone, or in conjunction with, other drug development assays. 
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Step 1. Drag Target Discovery or Drag Target Validation 

As discussed above, pathway nucleic acid sensor molecules can be used to identify 
signature target molecules which are diagnostic of particular traits, such as disease. Signature 

S target molecules are drug targets whose levels, structure, and/or activity can be used to 
evaluate the efiScacy of compounds. A large number of signature drug targets, bott 
characterized and uncharacterized, can be identified sunuHaneously using a single pathway 
bioseaisor according to one embodiment. In one embodiment, a pathway biosensor recognizes 
and be mdependently activated by about 1-5,000 molecules. In another embodiment, a 

0 pathway biosensor recognizes and be independently activated by about 500-10,000 
molecules, and m one embodiment, by greater 4ian 10,000 molecules. 

Step 2, High Throughput Screening 

S In one embodiment the drug targ^ identified in step 1 are evahiated in high 

throughput screening assays, usmg either solution-based biosensors or substrate-based 
biosensors, to characterize the biological activity of a drug target For example, in one 
embodiment, nucleic acid sensor molecules are used to assess levels of substrate, product and 
intermediates produced by an enzyme in a wild type ys. a disease state, to identify other 

0 components of a pathway that would be affected by a drug acting on that target (i.e., 

secondary drug targets). In another embodiment, the levels, structure, and/or activity of all of 
the modified forms of a drug target, or the active and mactive forms of a drug target (e.g., a 
receptor) is deteimined in a wild type vs. a disease state, to furtfier develop a diagnostic 
profile of a signature pathway target molecule and to evaluate dianges of that profile in the 

5 presence of a drug. 

In a further embodiment, the same type of pesfbwsy biosensor used to identify a 
diagnostic profile is contacted with samples fix>m pati^ts exposed to a compound. A 
compound-treated sample which produces substantially similar levels, structure, and/or 
activity of target and secondary drug targets in a sample from a healthy patient is used to 

0 identify a compound as a candidate drug. Because this testmg is done in a high throug^ut 
format, a single dose of a candidate drug is evahiated m any given test. 
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Step 3. In Vitro Biochemical Assays 

In one embodiment, flie nucleic acid sensor molecules used in step 2, are tested in an 
in vitro biochemical assay to detemune compound potency. In this mbodiment, a 
S preluninary dosing effect is determined to identify Ihe IC50 of candidate drug. In one 

embodiment multiple biosensors of the type used in step 2 are contacted with samples fit)m 
patients exposed to different doses of the candidate drugs identified in step 2, to identify 
candidate drugs widi the hi^est potency (e.g., requiring the least amount of drug to goierate 
a wild type profile or an effective drug profile. 

0 

Step 4. CcBnlar Assays 

In one embodiment, nucleic acid sensor molecules are used in cellular assays 
vAiGTO the effect of adding a compoxmd on cell physiology is known and the researdier wants 

5 to determine that the drug is in fact acting through the drug target selected in steps 1 -3 . Here 
a candidate drug is added to a physiological system (e.g., cell(s)5 tissue(s), organ(s), or a 
patient). Cells fix)m the physiologicfil system are lysed and the substrate or product of an 
enzyme reaction is monitored using the nucleic acid sensor molecule either hi an ELISA 
format or other solid support-based format (e.g., a pathway profiling array) or a solution 

10 phase format. In another mibodinieat, cell lysates are contacted with a pathway profiling 
biosensor specific for a target or pathway of interest to determine the profile of target 
molecules m the lysed sample. The profde is then compared to tbo wild type profile and Ae 
disease profile to determine if the drug is operatmg m vivo to restore a cell to its wild type 
statie. Thus, the physiological effect of a candidate drug on a physiological systea is 

IS correlated with the in vivo mechanism of action of the candidate drug. 

In a pre&ned embodunenl^ molecular pafiiway profiling arrays comprised of nucleic 
acid sensor molecules afiBxed to a solid support are used in cellular assays to determine the 
selectivity of a compound for one target in a pathway relative to other candidate targets in a 
signal transduction pathway(s) or in another biochmical pathway(s). This data can be used to 

10 validate a drug lead or drug target 

In one embodiment, nucleic acid sensor molecules are expressed in vivo or 
intracellularly using plasmids, viruses or other extra-diromosomal DNA vectors and the 
cellular nucleic acid sensor molecules are extracted and used to determine the activity of a 
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drug or drug targ^ These cellular assays can also determine the selectivity of a compound 
for one target in a pathway relative to other candidate targets in a signal transduction 
pathway(s) or in another biochemical pathway(s). This data can be used to validate a drug 
lead or dmg target 

5 

in vivo detection: 

With (Amersham) SPA scintillant beads coupled to nucleic add s^or molecules, can 
look at cellular processes in situ in real time, by cuUuring cells directly onto a microtiter plate 
and allowing uptake of scmtiUant beads and radioisotope by cells. Can ibm monitor 
10 biosynthesis, pjnolifBration» drug uptake, cell motility, etc. via luminescence ^^ed by 
beads in presence of selected targ^. 

SlepS* Medicinal Chemistry 

15 In one embodiment, drug-lead potency, specificity, and/or in vivo activity is 

optimized by an iterative repetition of any or all of steps 1-4. In one embodiment, steps M 
are repeated until the desired potency, selectivity and in vivo mechanism of action of a 
candidate drug is obtained. Potency can range from picomolar af&nity to nanomolar afBnity 
as measured by in vitro 1C50 values. The desired selectivity of a drug candidate for its target 

20 can vary fiom 2 to a million-fold, and can be obtained by measuring the potoicy (IC50) of a 
drug lead toward the drug target, vosus the drug's potency (ICSO) values agamst other 
pertinent targets (target pertmence is determined by the requirements of the biological sj^em 
mder investigation). A drug lead is deemed optunal when the parameters of potency, 
selectivity and cellular action are optimized with req)ect to each other. 

25 In another embodim^ known drug leads j&xm Stq> 6 are found to be specific for 

taigels that were not known to die researcher m step 2. This is also teimed to^ 
and validation, and occurs wh^ steps 1 -4 are rq)eated m an it^ative foshion of any or all 
steps and the drug target is identified by the pathway profiling array to, in fict, exist in an 
alternative signal transduction pathway, or to be a novel protein or enzyme m the pathway 

30 originally under mvestigation. Thus, MPP arrays can identify the site of action of a drug lead, 
and can determine the relative selectivityr of a drug for one drug target of drug targ^ pathway. 
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Step 6. Animal Model Assays 



Jn this embodimeiit, a target cells (e.g., tissue(s)) are removed fiom an animal model 
of the disease being targeted for treatment and lysed for testing. The lysate is contacted with 
S nucleic acid sensor molecules either in a solid phase assay, a solution phase assay, or in a 
pathway profiling biosensor array format to assess the in vivo biological activity of a 
candidate drug identified by any of the previous steps or by some otha: metiiod, on a target or 
pathway. Urns, in this embodunent, the i^iysiological effect of a drug on a diseased or noimal 
tissue is correlated with the in vivo mechamsm of action of the drug. 

10 

Step 7. Optimization of the Drug Lead 

In one embodiment, drug-lead potency, specificity, and/or in vivo activity are 
optimized by an iterative repetition of any or all of st^s 1-6. In one embodiment, steps 1-S 
15 are repeated until tiie desired potency, selectivity and in vivo medianism of action of a 
candidate drag are obtained. 

Stq^8. Pharmacokinetic Studies 



20 Jn one embodiment, the nucleic acid sensor molecules are used m pharmaco-Idnetic 

studies, where die effect of a drug on the physiolc^ of a cell, group of cells, tissue(s), 
organ(sX or animal model is assessed by otytaining blood, plasma, tissue, or a cell, and 
contacting this material witii nucleic acid sensor molecules either in a solid phase (e.g^ 
ELISA), solution or array format to assess the in vivo pharmacological or toxicological 

25 activity of a compound. In this embodiment, the nucleic acid sensor molecules xised axe 
developed against tiie candidate drug itself its metabolic products, andl or the metabolic 
products of protdns and small ligands mvolved m a xenobiotic or toxologlcal response to 
drug treatment. 

la one embodiment, nucleic acid sensor molecules are employed to follow the fate of 
30 a drug or its metabolic by-products. In this embodiment nucleic acid sensor molecules are 
generated to the drug and its metabolites. Hie drug is administ^ed to the test animal either ^ 
subcutaneously, intmp^itoneally or by gavage. Subsequent to administration, the blood 
plasma or disease tissue is removed and its contents are screened for the remaming drug by 
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Liquid chromatography (LC) or LC-mass spectrometry. Drug exposvace is then determined as 
a function of time, dose and method of administration and is reported in values of half-life, 
bioavailability, AUC and Cmax. Metabolic products of a drug lead can be similarly followed. 
Nucleic acid sensor molecules g^oerated against enzymes or proteins known to those 
5 skilled m the art to be involved in drug metabolism (P45 0 enz^es^ multi-drug transports) 
can be used to follow the effect of a drug on xenobiotic or toxological response to drug 
treatm^t. 

Step 9. Optimization of the Drug Lead 

0 

In one onbodimmt, drug-lead potency, specfficity, and/or m vivo 10 activity, and 
pharmacokinetic, or toxological properties are optimized by an iterative repetition 
repetition of any or all of steps 1-7. In one embodiment, steps 1-7 are repeated until the 
desired pot^cy, selectivity and in vivo activity and phannaco-Idnetic^ or toxological 
5 properties of a candidate drug are obtained. 

Step 10. Clinical Trials 

In one embodiment, nucleic acid s^sor molecules are used m clmical trials to 
0 determine the fete of a drug in human or animal models, or used to follow the efTect of drug 
treatment on a target or molecular pafliway of choice as described above. Jn one 
embodim^t, the nucleic acid sensor molecules, in a solid phase assay (6.g., ELISA format), a 
sohition phase assay, or in a pathway profiUng bios^sor array format, are used to assess the 
in vivo biological activity of a drug bemg tested using lysed cell samples as described above. 
5 In another embodunent, the appropriate pathway profiling biosensor is used in vivo, 

to mcmitor the effects of the compound on die patient, for example^ by providing the 
biosensor in communication with a fiber optic probe msoted into the patient, or ex vivo, 
monitoring optical signals in a cell using a microscope based detection system. In another 
embodiment, an in vivo assay is done by introducing a nucleic acid s^isor molecule which 
0 retains its catalytic activity into a physiological system (e.g^ by injection at a target site in the 
body, through liposome carries, and other means of administration routinely used in the art), 
obtaining cells fix>m the physiological system and detecting the effect of the compound on the 
catalytic activity of the nucleic acid sensor molecule (e.g., by evaluating the sequence of the 
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nucleic acid sensor molecule) as a means of detennining the level, structure, or activity of a 
drug target, and relating the level, structure, or activity or the target molecules to the efiQcacy 
of the drug. 

S . Step 11. Qptfmiaaition of the Drag Lead 

In one embodunent, any or all of steps 1-10 are repeated to further optimize the 
properties of the candidate drug. 

10 Step 12. Diamostic Applications 

In one embodiment, individuals who would be suitable for treatment with the 
candidate drugs identified steps 1 -1 1, are identified using nucleic acid sensor molecules in the 
diagnostic assays discussed previously. 

15 

Step 13. Chenucal Genomics 

In one embodiment, nucleic acid sensor molecules are used in chemical genomic 
assays m yAnoh a drug or plurality of drug leads, with known or unknown physiological 
20 effects, and with unknown targets, are contacted witii a physiological syst^ and the site of 
action of the drug or plurality of drugs is determined using a plurality of the profiling 
biosensors or pathway profiling biosensors described previously. Drug optimization then 
. occurs as in stepsl-11. 

23 5. Use of Target Activated Biosensors in Target Molecule Separation 

In addition to, or instead o^ their use m detection methods^ and dmg discovery 
methods, the target activated biosoisors according to the invention can also be used to 
retrieve the target molecules to whidi they specifically bind. Additional embodiments 
30 exploiting the binding capacity of the biosensors disclosed are contemplated and 
encompassed within the scope. 
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Reagents for Generating and Using Nucleic Acid Sensor Molecules 

In one embodiment^ reagents are provided for generating and using nucleic acid 
soisor molecules. In one embodiment* a kit is provided comprising standardized reagents for 
S niaking and/or udng the micldc acid sensor molecules acconling to tliein^ 

^bodiment tibe kit comprises at least a first nucleic acid sensor molecule ^ose q>tical 
properties change upon binding of a taiiget moleode. In another embodiment^ the kit 
additionally comprises any of: a control target molecule, a second nucleic acid soisor 
molecule which binds to a different target molecule^ suitable buffers, printed instructions, and 

10 combinadons thereof. In a fintfao* embodiment a nucldc acid s^isor molecule is provided 
with reagents for attadimg a label and/or quencher or with reagents for attaching charge 
transfer molecules to the nucleic acid sensor molecule which can sensitize ttie q)tical 
properties of the nucleic acid molecule to the presence of a target molecule. 

In another embodiment, a composition is provided comprising a target molecule and a 

1 S nucleic acid sensor molecule. The composition provides a reference against which to 

compare modified nucleic acid sensor molecules which bind to the same target, in order to 
select those with higher affinities for the target In a further embodiment, sets of complexes 
are provided. In still a further embodiment, a set of pathway target molecules and sensor 
molecules are provided. In another embodiment, a set of profiling target molecules and 

20 nucleic acid sensor molecules are provided. In still a further embodiment solid supports are 
I»ovided for isolation of target molecules fiom nucleic acid sensor molecules. 

hi yet another embodiment, a computer program product is provided comjnising 
stored data relating to optical signals g^erated by profiling and or pa&way target molecules. 
In another embodunent, a means to compare this data to otiier optical signals is provided. In a 

15 further embodiment, the memory comprises data relating to patient mformation or chemical 
structure information relating to either target molecules or nucleic acid sensor molecules. 

The nucleic acid s^sot molecules and tai^ activated biosensors accordmg to the 
invention are amenable for use wi& high tlu-ougfaput screening systoa^ and metiiods and tiie 
use of the nucleic acid sensor molecules and target activated biosensors in these systems and 

30 methods is encompassed within the scope . In one mboduuent, the system is a robotic 
workstation, comprising, at least one of an: arrayer, microplate or miCToarray feeders, 
stackers, washers, and dispensers, an optical system, a carousel, a conveyer for conveying 
microplates or microairays firom one part of the system to another (in a vertical or horizontal 
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direction), a shaker system or other mixing system, a temperature control system, a 
synthesizer, a solid jAase extraction system, and sample concentrators. Components of the 
robotic workstation can be part of a single integrated system or can be provided separately for 
use at any stage of flie drug optimization process according to the invention. In a fiirther 

S embodiment, the systm comprises a processor connectable to Ifae network which comprises 
or can access applications comprising stored data relating to profiling infimnation obtained 
usmg micleic acid sensor molecules according to the mvention, and/or statistical s^plications^ 
plications for performmg structure/activity analysis of target molecules and nucleic acid 
sensor molecules, q>plications for performing nucleic acid sequence alignment and 

0 simultaneous structure superposition of p^'oteins (ag^ MOE-Align'TM), applications for 
predicting binding conformations of molecules to receptor structures, and applications for 
controlling the processing functions of the robotic workstations. 

The invention is further illustrated in the following non-limitiDg examples. 

3 Example 1. Preparation of an array of immobilized effector oligonucleotides 

The following protocol describes a method for preparing an array of immobilized 
effector oligonucleotides with tenninal amine groups to a solid substrate d«rivatized with 
aldehyde groiq}s. The resulting array can then be used to spatially address (Le., the sequence 
of nucleotides for each effector oligo can be synthesized as a cognate to a liboz^e sensor 

0 specific for a particular target molecule) and immobilize the ribozyme sensor molecules prior 
to use m a solid-phase assay (see, e.g., Zammatte et al., 2000): 

Protocol for attachment of oligonucleotides to aldehyde substrate fwww.airavitcoml: 

1. print discrete spots of solution containing oligonucleotides with amin&-reactive 
5 terminal groiqps or lixikers with terminal amine groups using numarmying pins, 

pipette, etc. 

2. allow substrate to dry for 12 hrs. at room temperature and < 30% relative humidity. 

3. rinse substrate 2 times in dH20 with 0.2% SDS for 2 nun. with vigorous agitation at 
room tempmture. 

0 4. rinse substrate 1 time in dH20 for 2 min. with vigorous agitation at room temperature. 

5. transfer substrate to boiling (100 degrees C) dH20 for 3 min. to denature DNA. 

6. dry substrate by centrifiigation at SOOx g for 1 min. 
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7. treat substrate in 0.1 M NaBH4 in phosphate bulHered saline (PBS, pH 7) for 5 min, 
with mild agitation at room temperature. 

8. rinse substrate 2 times in dH20 with 0.2% SDS for 1 min. with vigorous agitation at 
room temperature. 

5 9. rinse substrate 1 tunes in d[I20 for 2 nun. with vigorous agitation at room 
temperature. 

10. transfer substrate to boiling (100 degrees C) dH20 for 10 sec. to denature DNA. 

1 1 . dry substrate by centii&gation at SOOx g for 1 min. 

12. store oligonucleotide4x>und substrate at 4 d^rees C prior to hybridization. 

10 

If desired, tiie nucleic acid sensor molecules can be allosteric ribozymes which ligate 
or self-cleave a substrate in Ifae presence of a target molecule (see Figures 2A and B for the 
ligater. Figure 5 for the cleaver). Here, the ribozymes are bound to a solid substrate directly 
via their 3' termini. The attachment is accomplished by oxidation (using, e.g., Na perlodate) 

IS of the 3' vicinal diol of the ribozyme to an aldehyde group. This alddiyde group will react 
with a hydrazide group to form a hydrazone bond. The faydrazone bond is quite stable to 
hydrolysis, etc., but can be further reduced (for example, by treatment with NaBH4 or 
NaCNBH3). The use of adipic acid dihydrazide (ADH, a bifunctional linker) to derivatize an 
aldehyde surface results in a hydrazide-derivatized surface which provides a linker b^ween 

20 the substrate surface and pomt of bi(»noIecu1ar attadunent of appioxbnalely 10 atoms (see 
Ruhn et al., 1994; O'Shaughnessy, 1990; Roberston et al., 1972, Schluep et al., 1999; Chan et 
al., 1998). Pkeparation of a hydrazid&t^rminated surfice via ADH treatment can be 
accomplished by treating an aldehyde-derivatized substrate according to the following 
protocol: 

25 

Protocol for ADH treatment of aldehyde substrate: 

L to 50 mL of 0.1 M pho^hate buffer (pH SX add 100-fold excess of adipic acid 

dihydrazide (ADH) relative to concentration of aldehyde groups on substrate surface. 

2. place substrate in a 50 mL tube containing the ADH in jdiosphate bu&r and shake 
30 mixture for 2 hrs. 

3. remove the substrate and wash 4 tunes with 0.1 M phosphate buffer (pH 7). 

4. reduce free aldehyde groups on substrate sur&ce by placmg substrate in a 50 mL tube 
containing a 25-fold excess of NaBH4 orNaCNBH3 m 0.1 M phosphate buffer. 
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5. shake fhemixtuie for 90 mm. 

6. wadi 4 times Witt 0.1 Miriiosphatebu£Eer(pHi^^ 

7. store ADH-treatedsubsliates in 0.1 M phosphate buffer (pH 7) at 

5 Prqparation of the micleic acid molecules fixr specific coupling to the ADH4erminated 
sur&ce via their 3* tennini can be accomplished according to the following protocol (see, 
Proudnikov et aL, 1996; Wu et si., 1996): 

Protocol for Periodate oxidation of KNA: 
0 1 . dissolve up to 20 micrograms of RNA in 5 microliters of H20 at 20 degrees C. 

2. add 1 microliter of 0.1 M NaI04 (-20-fold excess relative to RNA). 

3. incubate for 30 min. in a light-tight tube or enclosure. 

4. add 1 microliter of 0.2 M Na sulphite (~2-fold excess relative to NaI04) to stop 
reaction. 

3 5. mcubateforSOnuuLatroomtonpearature. 

ethanol precipitate or use spia-sq)aration colunm to recov^ oxidized RNA. 

Example 2. Selection for a RIboreporter Selective for tiie Estrogen Receptor LBD 

A Riboieporter specific fi>r the estrogra receptor I^and binding domam (LBD) is 
£0 obtafaied by tdentifybg candidate nucleic acids that bind to an estrogen receptor LBD. 

Tlie fiill lengtti grae for the estrogeai receptor i? known. One source of the fiiU-length 
estiog^ receptor clone is Acc. No. M12674 (see also Greene et al.. Science 23 1 : 1 1 50-54, 
1986). The d<Hie includes a 2092 nucleotide mRNA mth the following sequence: 

£5 1 gaattccaaa attgtgatgt ttcttgtatt tttgatgaag gagaaatact gtaatgatca 

61 Gtgtttacac tatgtacact ttaggccagc cctttgtagc gttatiacaaa ctgaaagcac 
121 accggacccg caggetcccg gggcagggoc ggggccagag otcgcgtgtc ggcgggacat 
181 gcgctgcgtc gcctctaacc tcgggctgtg ctctttttcc aggtggcccg ccggtttctg 
241 agccttctgc cctgcgggga cacggtctgc accctgcccg cggccacgga ccatgaccat 

\0 301 gaccctccac accaaagcat ctgg^atggc cctactgcat cagatccaag ggaacgagct 

361 ggagcccctg aaccgtccgc agctcaagat ccccctggag cggcccctgg gcgaggtgta 
421 cctggacagc agcaagcccg ccgtgtacaa ctaccccgag ggcgccgcct acgagttcaa 
481 cgccgcggcc gccgccaacg cgcaggccta cggtcagacc ggcctcccct acggccccgg 
541 gtctgaggct gcggcgttcg gctccaacgg cctggggggt ttccccccac tcaacagcgt 

i5 601 gtctccgagc ccgctgatgc tactgcaccc gccgccgcag ctgtcgcctt tcctgcagcc 

661 ccacggccag caggtgccct actacctgga gaacgagccc agcggctaca cggtgcgcga 
721 ggccggcccg ccggcattct acaggccaaa ttcagataat. cgacgccagg gtggcagaga 
781 aagattggcc agtaccaatg acaagggaag tatggctatg gaatctgcca aggagactcg 
841 ctactgtgca gtgtgcaatg actatgcttc aggctaccat tatggagtct ggtcctgtga 

[0 901 gggctgcaag gccttcttca agagaagtat tcaaggacat aacgactata tgtgtccagc 

961 caccaaccag tgcaccattg ataaaaacag gaggaagagc tgccaggcct gccggctccg 
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1021 caaatgctac gaagtgggaa tgatgaaagg tgggatacga aaagaccgaa gaggagggag 
1081 aatgttgaaa cacaagcgcc agagagatga t'ggggagggc aggggtgaag tggggtctgc 
1141 tggagacatg agagctgcca acctttggcc aagcccgctc atgatcaaac getctaagaa 
1201 gaacagcctg gccttgtccc tgacggccga ccagatggtc agtgccttgt tggatgctga 

5 1261 gccccccata ctctattccg agtatgatcc taccagaccc ttcagtgaag cttcgatgat 

1321 gggcttactg accaacctgg cagacaggga gctggttcac atgatcaact gggcgaagag 
1381 ggtgccaggc tttgtggatt tgaccctcca tgatcaggtc caccttctag aatgtgcctg 
1441 gctagagatc ctgatgattg gtctcgtctg gcgctccatg gagcacccag tgaagctact 
1501 gtttgctcct aacttgctct tggacaggaa ccagggaaaa tgtgtagagg gcatggtgga 

0 1561 gatcttcgac atgctgctgg ctacatcatc tcggttccgc atgatgaatc tgcagggaga 

1621 ggagtttgtg tgcctcaaat ctattatttt gcttaattct ggagtgtaca catttctgtc 
16 Bi cagcaccctg aagtctctgg aagagaagga ccatatccac cgagtcctgg acaagatcac 
1741 agacactttg atccacctga tggccaaggc aggcctgacc ctgcagcagc agcaccagcg 
1801 gctggcccag ctcctcctca tcctctccca catcaggcac atgagtaaca aaggcatgga 

S 1861 gcatctgtac agcatgaagt gcciagaacgt ggtgcccctc tatgacctgc tgctggagat 

1921 gctggacgcc caccgcctac atgcgcccac tagccgtgga ggggcatccg tggaggagac 
1981 ggaccaaagc cacttggcca ctgcgggctc tacttcatcg cattccttgc aaaagtatta 
2041 catcacgggg gaggcagagg gtttccctgc cacagtctga gagctocctg gc (SSQ ID 

0 

The polynucleotide encodes a polypeptide with the following amino acid sequence: 

MT^m*HTKASG^tt]:JLHQIQGl^LEPIlNRPQLKIPLBRPIJGBVYIlDSSK^^ 
5 TGLPYGPGSEAAAFGSNGLGGFPPUISVSPSPriMLI^PPQLSPPLQPHGQQVPyyLBNBPSGYTV^^ 

RPNSDiniRQGGRBIU^TNDKGSMZy«ESAKBTRYC]AVCOTYASG^ 

QCTIDKlJRRKSCQACRLRKCYEVCa^KGGIRKDI^GGRmiKHKRQRDI^ 

SKKNSLALSLTADQl^SALLDAEPPILySBYDPTRPFSEASMMGLLTN^ 

VHLLECAWLEIMrGIiVmSMBHPVKLLFAPNIiIiLDRNQGKCVEGMV^ 
0 III>WS6VyTFLSSTIiKSLEE2a)H3HRVLDiaTDTLIHLM2aCAGL^^ 

YSKKCBNVVPhrDJ^X^ENI^KHRlS^ <SEQ 

ID NO: 10) 



The gene encoding either fiill length ER or the hgand binding domain is cloned and 
5 expressed in BL21 (DE3)-pLysS E. coli cells [Shiau AK, Barstad D, Loria PM, C3ieng L, 
Kushner PJ, Agard DA, Greene GL. Cell. 1998 Dec 23;95(7):927-37-]. Human ERa^ha 
LBD (residues '297-554) are purified from estradiol-s^harose column by published 
procedures [Shiau AK» Barstad D, Loria PH Cheng L» Kushner PJ, Agard DA, Greoie GL, 
CelL 1998 Dec 23;9S(7):927-37.]. ER-LBD complexes are ibm formed upon 1:1 
0 complexmg with estrodiol, or vdlb tamoxifen. 



Example 3. Selection of riborepotters which are activated by ER-LBD not bound to 
ligand 

A libniry of op to lO" variants of in vito synthesized ribazjmes is allowed to leact 

with purified apo-ER-LBD at a final concentration of luM. Selection of allosterically 
activated ribozymes is carried out by procedures outlmed in prior examples^ 
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Example 4. Sdection of riboreporters which are activated by the ER-LBD-Estradiol 
. complex. 

A library of up to lO'^ variants of in vitro synthesized ribozymes is allowed to react 
5 vnBi purified ER-LBD-estradioI at a final complex conc^trafion of 1 uM. Selection of 
allosterically activated ribozymes is carried out by procedures outlined in prior examples. 

Example 5. SdedioD of Riboreporters vrhidi are activated by the ER-LBD-tamoxifen 
complex. 

10 

A library of up to lO'^ variants of in vitro synthesized ribozymes is allowed to react 
with purified ER-IJ3I>«stradiol at a final, complex concentration of luM. Selection of 
allosterically activated ribozymes is carried out by procedures outlined in prior samples. 

15 Example 6. Selection for A library of Riboreporters Which Signal the Presence of AD 
Known Nuclear Hormone Receptor LBDs: 

N-tenninally GST-tagged or NVC-tenninally His-tagged ligand binding domains, 
defined on the basis of structural homology are cloned and expressed in BI^l (DE3>pLysS 
20 . E. ooli cells, or are cloned and expressed in standard baculovirus expression systems. 
References for the sequences are provided below: 



Symbol 


Description 


Ligand 


4IB3 


nuclear receptor coactivator RAP250; peroxisome 
proliferator-activated receptor interacting protein; 
fhyroid hormone receptw binding protem 


thyroid hormone 


AR 


androgen receptor (dihydrotestosterone receptor; 
testicular feminization; spinal and bulbar muscular 
atrophy; Kennedy disease) 


dihydroxytestosteron 


CID 


nuclear DNA-bindtng protein 




ESRl 


estrogen receptor 1 


estrogBn 


ESR2 


estrogen receptor 2 (BR beta) 


estrogen 


ESRRA 


estrogen-related receptor alpha 


estrogen and TFIIB 


ESRRB 


estrogen-related receptor beta 


sstroaenandTFIlB 


ESRRG 


estrogeu'-related receptor gamma 


estrogen and TFMB 


(INF4A 


lepatocyte nuclear factor 4, alpha 




HNF46 


hepatocyte nuclear factor 4, gamma 






similar to retinoid X receptor, alpha (H. sapiens) 






simflar to nuclear receptor sub&mily i» group D, 
member 1 (H. sapiens) 





77 



wo 02/22882 

4 



PCT/USOl/28835 



NCOAl 


nuclear receptor coactivator 1 


Slnds to sten^d 
liormonG receptors 


NCORl 


nuclear receptor co-iepressor 1 


Thyroid homione 
neceptor without TH 


NCOR2 


auclear receptor co>repressor 2 


RXR without retinae 
addandTHR 
without TH 


NROBl 


nuclear receptor sub&mily 0, group B, member 1 




NR0B2 


nuclear receptor sub&mily 0, group memb^ 2 




NRIDI 


nuclear receptor subfamily 1, group D, member 1 




NR1H2 


nuclear receptor subfemily 1, group H, membar 2 




NR1H3 


nuclear recqptor sub&mily 1, group H, member 3 


Intertacts with RXR 


MUH4 


nuclear receptor sub&nily 1, group li monber 4 


Bile add, famesol, 
or chenodoxy^oOc 
acM 


NR1I2 


nuclear receptor subfamily 1, group I, member 2 


pregnane 


NRIB 


nuclear receptor subfamily 1, group I, member 3 


androstane S 


NR2C1 


nuclear receptor subfemily 2, group C, member 1 




NK2C2 


nuclear receptor subfamily 2, group C, member 2 




NR2E1 


nuclear receptor subfamily 2, group £» member 1 




NR2E3 


nuclear recq>tor subfamily 2, group E, member 3 




NR2F1 


nuclear receptor siib&nily 2, group F, member 1 




NR2F2 


nuclear receptor subfamily 2, group F, member 2 




NR2F6 


nuclear receptor sub&mily 2, group F, member 6 


Thyroid homione 


NR3C1 


auclear receptor subfimiily 3, group C» memb^ 1 

* 


glutooorttoold 
neceptor, Cortisol^ 
corticosteronQ 


NR3C2 


nuclear receptor subfemily 3, group C, member 2 


Mdosterone 


Km A A t 


auclear receptor subfemily 4, group A, member 1 




NR4A2 


auclear receptor subfemily 4, group A, memb^ 2 




NR4A3 


auclear receptor subfamily 4, group A, member 3 




IVR5A1 


auclear receptor subfamily 5, group A, member 1 




NR5A2 


auclear receptor subfamily 5, group A, member 2 




NR6A1 


auclear receptor subfemfly 6, group A» member 1 




PAX8 


paired box gene 8 




PGR 


progesterone rec^tor 


progesterone 


PPARA 


peroxisome proliferative activated receptor, alpha 


nafenopin, 
clo<]brate.WY14643 


PPARBP 


PPAR binding protein 


binds to PPAR 
^amma 


PPARD 


peroxisome proliferative activated receptor, delta 


WY1463 


PPARG 


peroxisome proliferative activated receptor, gamma 


9-HODE. 13-HODE 


PTHRl 


parathyroid hormone receptor 1 


parathyroid honnone 


RARA 


retinoic acid receptor, alpha 


retinoic add 


RARB 


retinoic acid receptor, beta 


retinoic add 


RARG 


retinoic acid receptor, gamma 


retinoic add 
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RORA 


RAR-related oiphan receptor A 




ROKB 


RAR-related oiphan Teceptor B 




RORC 


RAR-related oiphan receptor C 




RXRA 


retfaioid X receptor, alpha 


Mb retonoic add. 
complexes with 
activated VDR and 
FHR 


RXRB 


retinoid X receptor, beta 


retonoic add, 
complexes with 
activated VDR and 
rWR 


RXRG 


retinoid X receptor, gamma 


Ms retonotc add, 
complexes wi^ 

activated VDR and 
THR 


SMAP 


^yroid hormone receptor coactivating protein 


arKuated THR 


IHRA 


thyroid hoimone receptor, alpha (avian 
eo1bn>blastic leukemia viral (v-^a) oncogene 
lomolog) 


thyroid hormone 


IHRB 


thyroid honnone receptor, beta (avian erythroblastic 
leukemia viral (v-erb-a) oncogene homolog 2) 


thyroid hormone 


rNRCll 


trinucleotide repeat containing 1 1 (TEIR-associated 
protem, 230 kUa sut)unit} 


activated THR 


IRAPISO 


diyroid honnone receptor-associated protein, 150 
kDasubunit 


activated THR 


rRAP240 


thyroid honnone receptor-associated protein, 240 
kDa subunit 


activated THR 


rRAP95 


thyroid honnone receptor-^associated protein, 95-kD 
subunit 


activated THR 


rRIP13 


thyroid hormone receptor interactor 13 


inactive THR 


VDR 


vitamin D (1^5- dihydroxyvitamm D3) receptor 


vitamin D 



Human NHR LBDs (homologous to ER-alpha residues including the region aa297* 
554) are purijBed fiom OSH-sepharose or nickel afiim'ty columns by published procedures 
5 available &om tte manufacturers. LBDs are produced in a either a parallel or smal fashion 
and the purified proteins are stored as in buffer containing SO mMTHs^ 1 mMEDTA, 
ImM DTT and 50-250 Na Cl/SCN salt, pH 7 to pH 8.5, 10% glycerol or ofiier stabilizmg 
agcatt Protein sequence and MW is verified by standard mass spectr<Mnetiy. 

1] Selection of Riboreporters which are activated by un-liganded 63 NHR-LBD: A 
10 library of up to 10 E+17 variants of in vitro synthesized ribozymes is allowed to react with 
purified apo-NHR-LBDs at a final concentration of luM LBD, Selection of allosterically 
activated ribozymes is carried out by procedures outlined in prior examples. Selections are 
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carried out in parallel fashion or also can be carried out in mixed pools of anywhere from 5- 
10 HNR LBDs. In the final rounds of riboreporter selection, tiie RNA pools may separated 
mto aliquots which may flien be used to carry out in vitro selection against single NHR LBD 
proteins to yield unique riboreporters selective for multiple NEIR LBDs* 

2. Sdecdon of Riboreporters which are activated by Ugand bound forms of mSRr 
LBDs. Ligands for multiple NHR are known. These Kgands are provided below. 



thyroid hormone 



ADB3 nuclear receptor 

coactivatorRAF2S0; 

peroxisome 

proliferator-activated 

receptor intemcting 

protein; thyroid 

hormone receptor 

bindmg protein 
AR androgen receptor 

(dihydrotestosterone 

receptor, testicular 

feminization; spinal 

and bulbar muscular 

atrophy; Kennedy 

disease) 

CID nuclear DNA-binding 

protein 

ESRl estrogen receptor 1 
ESR2 estrogen recq>tor 2 (ER 
b^) 

ESRRA estrogen-related 

receptor alpha 
ESRKB estrogen^lated 

receptor beta 
ESStRQ estrogen-related 

receptor gamma 
HNF4A hepatocyte nuclear 

factor 4, alpha 
HNF46 hepatocyte nuclear 

fector 4, -gamma 

similar to r^inoid X 

receptor, alpha (H. 

sapiens) 

shnilar to nuclear 
receptor sub&mily 1» 
group b, monber 1 
sapiens) 
NCOAl nuclear receptor 

coactivator 1 Binds to steroid hormone receptors 
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NCORl nuclear receptor CO- 

repressor 1 
NCOS2 ' nuclear receptor co- 

repressor2 
NROBl nuclear recqptor 

sub&mily 0, group B, 

memb^l 
NR0B2 nuclear recqptor 

subfinnily 0, group 

member 2 
iNRlDl nuclear receptor 

sub&mily 1, group D, 

m^ber 1 
NR1H2 nuclear receptor 

sub&mily 1, group H, 

member 2 
NRIH3 nuclear receptor 

sub&mily 1, group H, 

member 3 
NR1H4 nuclear receptor 

sttb&mily 1, group H, 

member 4 
NR1I2 nuclear receptor 

sub£nnily 1, group I, 

member 2 
NRIB nuclear receptor 

sub&mily 1, group I, 

memborS 
MR2C1 nuclear receptor 

subfamily 2, group C, 

member 1 
NR2C2 nuclear receptor 

subfinnity 2» group C, 

member 2 
NB2E1 nuclear recq)tor 

sub&mily 2, group E» 

member 1 
NR2E3 nuclear receptor 

sub&mily 2, group 

members 
NR2F1 nuclear receptor 

sub&mily 2, group F, 

member 1 
NI12E2 nuclear receptor 

sub&mi]y2,groupF, 

member 2 
NR2F6 nuclear receptor 

sub&mily 2, group F, 

member 6 



thyroid hormone receptor without 
TO 

RXR without retinoic acid and 
TEIR without 1H 



Intertacts with RXR 

Bile acid, &me5oI» or 
chenodoxycfaolic acid 



pregnane 
androstane S 



Thyroid hormone 
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NR3C1 

NR3C2 

NR4A1 

NR4A2 

NR4A3 

NR5A1 

NRSA2 

NR6A1 

PAX8 

PGR 

PPARA 

PPARBP 
PPARD 

PPARG 

PTHRl 

KARA 

RAKB 

RARG 

RORA 

RORB 

RORC 



nuclear receptor 
sub&mily 3, group C, 
member 1 
nuclear receptor 
subfamily 3, group C» 
member 2 
nuclear receptor 
subfemily 4, groiq> A, 
member 1 
nuclear receptor 
subfamily 4, group A, 
member! 
nuclear receptor 
subfamily 4, group A, 
member 3 
nuclear recqptor 
sub&mily 5, group A, 
member 1 
nuclear recq)tor 
subfamily 5, group A, 
member 2 
nuclear receptor 
sub&mily 6, group A, 
member 1 
paired box gene 8 
progesterone recqptor 
peroxisoine 
proliferative activated 
receptor^ alpha 
PPAR binding protein 
peroxisome 
proliferative activated 
receptor, delta 
peroxisome 
proliferative activated 
receptor, gamma 
parathyroid hormone 
receptor 1 

letinoic acid recq)tor. 



retinoic acid recqytor» 
beta 

retinoic acid receptor, 
gamma 

RAR-related orphan . 
receptor A 
RAR-related orphan 
leceptorB 
RAR-related orphan 



glutocorticoid recept(»r, Cortisol, 
cortioosterone 



aldostNone 



progesterone 



nafenopm, clofibrate, WY14643 
binds to PPAR 1 



WY14643 

9>H0DE, 13-HODE 
parathyroid hormone 
retinoic acid 
retinoic acid 
retinoic acid 
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receptor C 




RXRA 


Tetinnlfl Tecentnr 


O-ni^ retonotc siciH cnnTnleYes 






with activated VDR and THR 


RXRB 


tdfnniH "JT recenior 


Q-ciQ TetonniR nrJd cnnmlfiYefs 




betn. 


with activated VT>R and THR 


HXRG 


netinniH ^ rft^^entnr 


retnnnift sicid f^nrnnleYeis 






with activated VDR and THR 




thvmiH linnYiAnf^ 












nrotein 


activated THR 


'ruu A 


UijrnJlU Jll/illll/Ilv 






rf^<%ntAr sflftliA (snf tun 
t vvwL/Lui y aijjiia V Mill 






vljr UIXUUlaaLlV/ IvlUV.vlUJa 






VJlal ^v-erD-a| 








tiiyroiG normone 


'I'Mun 

XJOJ\M> 


iujrioiu nunjuuiiv 






reccpior, ueia ^avian 






erythroblastic leukemia 






viral (v-erb-a) 






oncogene nonjoiog z) 


uiyjoiu normone 




uinucieoiiae repeat 






containing 1 1 (THR- 






associaiea proiein, z^u 






trTVi ciiKimit\ 
Kl/a SuDUnil^ 


acuvaieo ixiiv 


lKArl5U 


thyroid hormone 






iCUCpiUi'* oobUv J cU CU 






proiexny i ^ v Kua 






suDunji 


acnvaica ixiiv 


TRAP240 














protein, 240 kDa 






subunit 


activated TEIR 


TRAP95 


thyroid honnone 






receptor-associated 






protein, 95-kD subunit 


activated THR 


TRIP13 


thyroid hormone 






receptor intoactor 13 


mactiveTHR 


VDH 


vitamin D (1^5- 






dihydroxyvitamin D3) 






receptor 


vitamin D 



Stable complexes of each NHR LBD are formed with from 1-10 equivalents of ligand. 
Selection of Riboreporters which arc activated by the NHR-LBD-ligand complex. A library 
of up to 10^^ variants of m vitro synthesized ribozymes is allowed to react with purified ER- 
5 LBD-estradiol at a final complex concentration of luM. Selection of allosterically activated 
ribozymes is carried out by procedures outlined in prior examples. Selections are carried out 
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in parallel fashion or also can be carried out in mixed pools of anywhere from 5-10 HNR 
LBD-ligand complexes* In the final rounds of riboreporter selection, the RNA pools may 
sq}arated into aliquots whidi may then be used to carry out in vitro selection against single 
NHR LBD-ligand complex to yield unique riboreporters selecth^e for all NHR LBDs. 
5 Thus, the mvention provide an hi vitro selection protocol agamst purified LBDs for 

each known NHR« In vitio selections can be carried out with less than 1 mg of the purified 
forms of the LBDs. In addition the selection of riborepoiters can be done in vitro wifli mixed 
pools of LBD and subsequently deconvoluted after selection is complete. Alternatively, Ae 
final selecti(»i can be carried out with fiactionally purified extracts containing a slight excess 

10 of recombinant XJBD. In one embodiment the LBD is expressed in E.coli or insect cell Ime or 
mammalian cell Imes. hi another embodhnent, the selection is carried out in cell fiee lysates 
ui which ihe LBD is expressed in an m vitro transcrqpfion-translation procedure such as is 
described in the literature or can be purchased using common reagents fiom Roche or 
Promega. In another embodhnent, the fractionated or purified LBDs are combined with 

1 5 known ligands, agonist, antagonists or partial agonist/antagonists to fonn stable complexes, 
and these complexes are flien used for m vitro selection of riboreporters. For this selection, 
we will utilize the entire protem m complex with ligand or a peptide component derived from 
tile NHR. Upon interaction of the ribOTqporter with the NHR, a signal will be generated 
detectable to an external monitoring device. In this manner, the activation state of any or all 

20 NHRs can be monitored in vivo or in vitro. 



Example 7. Selection for a Riboreporter Selective for the Beta-2 adrenergic receptor. 



The fulMenglh gene for the Beta-2 adrenergic recqitor is described m Emorine et al., 
25 Proc. Natl. Acad. Sci. USA 84:6995-99, 1987 and available at Acc. No. AAA88017. The 
nucleic acid sequence is set forth below: 

6CACC6CG»GCCCCTAGCACCCQACAA6CTQAGTGTGCAGGAC^^ 

ACACCACAGCaXTGAATGAGGCTTCXrAGGCGTCCGerCGCGGCC^ 

TG6CrrCX!6CCX!GCT<3AGGC6CCCCC»GCCAGTGCGCTTi^X:TGC 
30 6QGGAACCCX3GG2VAa3GCA6CGCCTTCTTGCT66CACCCA^^ 

CACGACGTCSICGCAGGAAAGGGACGAGGTGTGGGTGGTGSGGATGGGC^ 

CTCATCGTCCTGGCCATCGTGTTTGGCAATGTGCTGCT 

GAGCGTCTGGAGACGGTCACCAACTACTTCATCACTTCACTGGCCnXSTQ 

ATQGGCCTGGCAQTGGTGCCCTTTGGGGCCGCCXIATATTCTTATGAAM 
35 GGCAACTTCTGGTGCGAGTTTTGGACTTCCATIXSATGTGCTGTGOT 

GAGACCXrrGTGCGTGATCGCAGTGGATCGCTACTTTGCCaiTTACrTCACOT 

CAGAGCCTGCTGACOUlGiUlTAAGGCCCGGGTGATCATTCTGATGCTXy^^ 

GGCCTTACCTCCTTCTTGCCCATTCAGATGCACrGGTACCXSGGCCACCCACCJ^^ 

ATCAACTGCTATGCCyUVTGAGACCTGCn^GTGACTTC^ 
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GCCTCrPCCATC0T6TCCTTCXR0GTTCX:CCTGGT^ 

(m!C2U3AACCTTA6CCAGGTG6A6aU^ 
^ TCCAAGTTCTGCITGAZVGajya^ 

CTCATGOSTAAGGAAGTTa^CATCCrcCTAAAT^^ 

AATCX!GCIT2kTCrACTGCGGG&6CC^ 

CTGOGCAGGTCrrCETTGAAGGCC^^ 

6AGCAGftST6GAiATCAC6TG6AACA(^GAAAGAAAATAAACT6C^^ 
10 CCAQGO^CGGAAGACiTTGTGGGCCATCaU^TACTGTGCCTAGCGM 

GACCCCrcCCCCCCCAACAGAaCACTAAACM 

C32UVTAAAATTGTAAAAATTOaaTAGaU3ATATGCAQAAQQAAGGGC3VTCCTO 

TTATTTTTTTAAGCTGTAAAAAGAGAGAAAACTTATTTGAGTO 
15 CAGTTaVGTTCCTCTTTGCATGGAATTTGTAAGTTTATO 

AGGACCTGAGTCTGCTATATTTTCATGACTTTTCCATGTA^ 

TTAGGGGTAATATAITOSCTGGTAAITrGTATCTGAAGGAaATTOT 

GGACTTGAGGATTTTGAGTATCTCGGACCTTTCAGCrG^ 

TCCTCTTATTTGCTCACACGGGGTATTTTAGGCM^ 
20 TTTGCX:GI^CAAA(3GaX3!AAA0TTTACAGT (SEQ ID MO: 11) 

The amino acid sequence of the polypeptide encoded by the nuddlc acid sequence 
is set forth below: 



25 1 mgqpgngsaf llapngshap dhdvtqqrde vwvgmgivm slivlaivfg nvlvitaiak 

61 ferlqtvtny fitslacadl vtnglawpfg aahilmkmwt fgnfwcefwt sidv^lcvtas 
121 ietlcviavd ryfaltspfk yqalltknka rvlilmvwiv sgltsflpiq mhwyrathqe 
181 aincyaneto cd£ftnc[aya iassivsfyv plvimvfvys rvfqeaJcrql <^ldk5egr£ 
241 hvqnlaqveq dgrtghglrr sskfclkehk alktlgilmg tf tlcwlpff ivnivhviqd 

30 301 nlirkevyll Inwigyvnsg fnpliycrsp dfriafqell clrrsslkay gngyssngnt 

361 geqsgyhveq ekenkllced Ipgtedfvgh qgtvpsdnid sqgmcstnd sll (SEQ ID 

N0tl2> 



35 The gene encoding dflier the iulMengtfa Beta-2 adrenergic recqrtor or the 

cytoplasmic loops n or loop HI or helix VII is cloned, expressed and purified from E. coli or 
baculovirus infected celJs (Hampe, ct al^ J Biotechnol 77:219-234(2000)) according to 
published procedures, incorporated mto detergent micelles to sunulate the cellular milieu 
(Min , et al^ J Biol Chcm 268:9400-9404(1993)). A Uhrary of up to 10*^ variants of in vhro 

40 synthesized ribozymes is allowed to react wi& purified Beta-2 adienergic receptor at a final 
concentration of 1 uM. Selection of allostarically activated ribozymes is carried out by 
procedures outlined in prior examples. Complexes are formed 1:1 botoxamine or 
isoproterenol. 
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Example 8. Selection of riboreporters which are activated by the butoxamine- Beta-2 
adrenergic complex. 

1:1 complexes of butoxamine and purified Beta-l adrenergic receptor are formed and 
S selection of allosterically activated ribozymes is carried out by procedures outlined in ipAoc 
examples. 

Example 9. Selection of riborq>orters which are activated by the isoproterenol- Beta-2 
adrenergic complex. 

10 

1 : 1 complexes of isoprot^enol and purified Beta-2 adrenergic receptor are formed 
and selection of allosterically activated ribozymes is carried out by procedures outlined in 
prior examples. 

IS Example 10: Selection for a library of riboreporters which signal the presence of all 
laiown 6PCR& 

The iull-lengtb gene sequences for over 400 GFCRs is known. The entire gene, or 
peptides derived from tbese sequences, is N-tominally tagged or terminally His-tagged 
20 and cloned, espiesssA, and purified as described above^ or syntiiesized by diemical means. 
All 400 GFCRs are produced in either a serial or parallel fashion and the purified protems or 
peptides stored in buffer containing 50 mM Tris-HCI, 1 mM EDTA, 1 mM DTT, and 50-250 
mM NaCl/SCN salt, pH 7 to pH 8.5, 10% glycerol or other stabilizing agent. Protem 
sequ^ce and MW is verified by standard mass spectrometty. 

25 

1 . Selection of RiborepOTters which are activated by GPCRs not bound to ligand: 

A library of iq) to lO'^ variants of in vilro synthesized ribozymes is allowed to react 
witii purified CBfCRs at a final concentration of luM GPCR. Selection of allosterically 
activated ribozymes is carried out by procedures outlmed m prior examples. Sdections are 
30 canried out in parallel fashion or also can be carried out m mixed pools of anywhm fiom 5- 
lOGPCRs. In the final rounds ofriborq>ortersdecti(Hi, the RNApookn[iaysq)arate^ 
aliquotswhich may then be used to caiiy out in vitro selection agamst single GPCR {^oteins 
to yield unique riboreporters selective for all 400 CSPCRs. 

35 2. Selection of Riboreporters which are activated by ligand bound forms. 

Of the 4000 known >lHRs, thm are approximately 120 known ligands-GPCR pairs, 
described in the attached table. Stable complexes of each GPCR LBD are formed with fiom 
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1*10 equivaleAts of ligand. Selection of allosterically activated ribozymes is carried out by 
procedures outlined in prior examples. Selections are carried out in parallel &shion or also 
can be canned out in mixed pools of anywhere firom 5-10 OPCR-ligand complexes. In the 
final rounds of riboreporter selection, tlie KNA pools may separated into aliquots whidi may 
5 theq be used to carry out in vitro selection against single GPCR-ligand complex to yield 
unique riborqiorters selective for all GPCR-ligand complexes. 

Example 11. Selection of riboreporters using peptide fragments of GPCRs. 

Ibe example describes a metliod to develop riboreporters that speciJBcally recognize 

10 confonnatioiial isofimns of GPCRs Oat are revealed upon ligand binding. 

Molecular cloning studies have identified over 400 human GPCRs» and have 
identified tiie ligands for 120. QPCRs consist of three domains: an extracellular N-terminus, a 
coitral dc«nain of seven trans-monfarane helices, and a cytoplasmic ^terminus. Activation 
. of GPCRs is induced by ligand binding, which causes a conformational change in the 

15 recqytor and exposes cytoplaanic helicies n and m, as well as helix VH. This method 

provides fiirgenmtionofunique biosensors for each GPC3[t. Rq[>resen1ative GPCR peptide 
and polypqytides are presented in &camples 12 and 13. 

Hie biosensors described in this mvention include riboreporters such as allosteric 
ribozymes (AR), mchiding hammerhead, hairpin, LI ligase or group 1 intron ribozymes and 

20 the like, or the riboreporter may derived from aptamer beacons or signaling aptamers, and of 
which transducer molecular recognition into a detectible signal. In one embodiment, 
Riboreporters specific for GPCRs are generated by m vitro selection for recognition of 
peptide fragments of the GPCRs comprising regions of the cytoplasmic helices II and III, as 
well as helix VII. Exemplary suitable GPCR peptide fragments are presented in Example 1 1 . 

25 Riborqwrters which recogni2»^toplasmic helices Hand in, as weU as helix Vn arettien 
cq>able of recognizing cytoplasmic helices II and III» as well as helix VII vAfbin the cont^t 
of the iiill length protein and hence recognize the activated state of tiie GPCR. Examples of 
the used of peptide firagmenis to generate riboreporters which recognize the fiill lengA 
protdn are known in the art and are incorporated herem. See for example data cm 

30 Riborq)orter selection and recognitk)n of HIV rev peptide and fiill length protein [Michael 
Roberts(m, 200I» University of Texas, Austin, PhD. Dissotation]. In the case of HIV rev. 
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unique peptide sequences are recognized both as free peptides and in the context of the fiill 
protein. 



Example 12: 6PCR peptide fragments 

5 >G{syi 

nigclgnskte dqmeekaqr eankkiekql ^cdkgyyrat hxllllgage sg)cstivk<yn 
rilhvngfng eggeedpqaa xsnsdgekat kvqdiknnlk ealetivaam snlvppvela 
npenqfrvdy ilsvmnvpdf dfppe^eha kalwedegvr acyersneyq lidcaqyfld 
kidvikqady vpsdqdllrc rvltegif et kfqvdkvnfh mf dvggqrde rrkwiqcfnd 
10 vtaiifwaa ssynnrvired nqtnrlqeal nlfkslwnnr wlrtisvllf Inkqdllaek 
vlagkBkied yfpef arytt pedatpepge c^xvtrakyf irdeflrist asgdgrhycy 
phf tcavdte nlrr vfn dcr diiqnhhlrq yell (SBQ ID NO;13} 

>G(S>2 

IS nigclgnskte dqmeekaqr eankkiekql qkdkqvyrat hrllllgage egkstivkqm 
rilhvngfng eggeet^aa rsnsdgseka tkvqdlknnl keaietivaa msnlvppvel 
anpenqfrvd yilsvmnvpd fdfppefyeh akalwedegv racyersney qlldcaqy£l 
dkidvikqad yvpsdqdllr crvltsgife tkfqvdkvnf hmfdvggqrd errkwiqc£n 
dvtaiifwa sssynimrixe dnqtnrlqea Izilfksiwnn rwlrtlsvll f Inkqdllae 

20 kvlagkskie dyfpefaryt tpedat^epg ed^arvtraky £irdeflris tasgdgrbyc 
yphftcavdt enlrrvfndc rdiiqrmhlr qyell (SBQ ZD HO: 14) 

>G(S)-3 

mgclgnskte dqmeelcaqr eankkiekql qkdkqvyrat hrllllgage sgkstlvkqm 
25 rilhvngfng dekatkvqdi Jcnnlkeaiet ivaamsnlvp pvelanpenq frvdyilsvm 
nvpdfdfppe fyehakalwe degvracyer sneyqlidca qyfldkidvi kqadyvpsdq 
dllrcrvlts gifetkfqvd kvnfhmfdvg gqrderrkwi qcfndvtaii fwasssynm 
virednqtnx Iqealnlfks iwnnrwlrtl svilflnkqd llaekvlagk skiedyfpef 
aryttpedat pepgedprvt rakyf irdef Iristasgdg ztxycyphftc avdeenlrrv 
30 fndcrdiiqr mhlrqyell (SEQ ID NO: 15) 

>G{S)-4 

mgclgnskte dqmeekaqr eankkiekql qkdkqvyrat hrllllgage sgkstlvkqm 
rilhvngfng dsekatkvqd Ikxmlkeaie tivaamenlv ppvelanpen qfrvdyilsv 
35 mnvpdfdfpp efyehakalw edegyxacye rsneyqlidc aqyf Idkidv ikqadyvpsd 
qdllrcrvlt sgifetkfqv dkvnfhmfdv ggqrdarrkw iqcfndvtal ifwasseyn 
mvirednqtn rlqealnlfk siwnnrwlrt isvllflakq dllaekvlag kskiedyfpe 
faryttpeda tpepgedprv trakyfirde f Iristasgd grhycyphf t cavdtenirr 
vfodcrdiiq rmhhxjyell (SEQ id no:16) 

40 

>G(s)-xl 

meisgppfei gsapagvddt pvniodsppia Idgpplkvsg apdkreraer ppveeeaaem 
egaadaaegg kvpspgygsp aagaaaadta araapaapad pdsgatpec^ dsgtapadpd 
sgafaa^Kls gaapaapadp dsgaapdapa d^pdsgaapda padpdagaap eapaapaaae 
45 traahvapaa pdagaptapa asatraaqvr raasaapasg arrkihlrpp speiqaadpp 
tprptrasaw rgksessrgr rvyydegvas sdddsagdes ddgtsgclrw f qhrxnrrrr 
kpqxnllmf Ivqafggcfg rsespqpkas rslkvkJcvpl aekrrqmrke alekraq^cra 
ekkrsklldk qlqdekmgym cthrllll (SEQ ID NO: 17) 

50 

>g-0lf 

ingclggnskt tedqgvdeke rreankkiek qlqkerlayk athrllllga gesgkstivk 
qmrilhvngf i^eekkqkil dlrknvkdai vtivsamsti ippvplanpe nqf rsdyiks 
iapitdfeys qeffdhvkkl wddegvkacf ersneyqlid caqyflerid svslvdy^t 
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• dqdllrcxvl tsglfetzf q vdlcvnf hmf d vggqrderrk wigcfx3dvta liyvaacssy 
nmvirednnt nxlresldlf esiwnnrwlr tisiilflnk qdmlaelcvla gkslciedyfp 
eyanytvped atpdaged^k vtrakf flrd Iflristatg dgkhycyphf tcavdtenlr 
zvfndcrdii qrsihlkqyel 1 (SEQ ID NO; 18) 

5 

>I1 

mgctlsaedk aaverslcniid mlredgeka arevkllllg agesgkstiv kgmkliheag 
yseeeckqyk awysntiqs ilaiiramgr Ikidfgdsar addarqlfvl agaaeegfmt 
aelagvikrl wkdsgvqacf nrsreyqlnd saayylndld riaqpnyipt qqdvlrtrvk 
10 ttgivethft fkdlhfkmfd vggqrserkk wihcfegvta iifcvalsdy dlvlaedeem 
nzmhestnklf dslczmkwft dtsiilflnk kdlfeekiJdc splticypey agsntyeeaa 
aylqcqfedl nkrkdtkely th£tcatdtk nvq€v£davt: dvilknnlkd cgl£ (SEQ ID 190:19) 

>I2 

IS mgctvsaedk aaaerskmid knlredgefca arevkllllg agesgkstiv kqmkiihedg 
yseeecrqyr awysntiqs imaivkaingii Iqidfadpsr addarqlfal sctaeeggvl 
pddlsgvirr Iwadhgvqac fgrsreyqln dsaayylndl eriaqsdyip tqqdvlrtrv 
ktbgivethf tfkdlhfkmf dvggqrserk kwihcfegvt aiifcvalsa ydlvlaedee 
mnnahesmkl fdsicnxikwf tdtslllfln kkdlfeekit hspltlcfpe ytgankydea 

20 asyiqdkfed Inkrkdtkei ythftcatdt knvqfvfdav bdviikzmlk dcglf (SEQ ID NO: 20) 

>I3 

mgctlsaedk aaverskmid mlredgeka akevkllllg agesgkstiv kqmkiihedg 

ysedeckqyk wvysntiqs ilaiiramgr Ikidfgeaar addarqlfvl agsaeegvmt 

25 pelagvikrl wrdggvqacf srsreyqlnd sasyylndld risqsnyipt qqdvlrtrvk 

ttgivethft fkdly£km£d vggqrserkk vihcfegvta iifcvalsdy dlvlaedeem 

nrmhesmklf dsicniikwft etsiilflnk kdlfeekikr splticypey tgsntyeeaa 

aylqcqfedl nrrkdtkeiy thftcatdtk nvqfvfdavt dviilomlke cgly (SEQ ID NO: 21) 

30 >G01 

mgctlsaeer aalerskale knlkedgisa akdvkllllg agesgkstiv kqmkiihedg 
fsgedvkqyrk pwysntiqs laaivramdt Igieygdker kadakmvcdv vsrmedtepf 
saellsammr Iwgdsgiqec fnrsreyqln dsalcyyldsl drigaadyqp teqdilrtrv 
kttgtvethf tfJcnlhfrlf dvggqrserk kwihc£edvt aiifcvalsg ydqvlhedet 
35 tnrmheslml fdslcnnkff idtslilfln kkdlfgekik ksplticfpe ytgpntyeda 

aayiqaq[£es knrspnkeiy cbmtcatdtn niqwfdavt diiiazuilrg cgly (SEQ ID NO: 22) 

>g02 

mgctvsaedk aaaerskmid loilredgeka arevkllllg agesgkstiv kqin)ciihedg 
40 yseeecrqyr afwysntiqs imaivJcamgn Iqidfadpsr addarql£al sctaeeggvl 
pddlsgvirr Iwadhgvqac fgrsreyqln dsaayylndl eriaqsdyip tqqdvlrtrv 
kttgivethf tfkdlhfkmf dvggqrserk kwihcfegvt aiifcvalsa ydlvlaedee 
mnrmhesmkl £dsicnn)cw£ tdtsiilfln kkdlfeekit hsplticfpe ytgasikydea 
asyiqskfed Inkrkdtkei ythftcatdt knvqfvfdav tdviiknnlk dcglf (SEQ ID NO: 23) 

45 

>Gcr-i) 

mgagasaeek hsrelekklk ed^iekdartv kllllgages gkstivkcpk iihqdgysle 
eclefiaiiy gntlqsilai vramttlniq ygdsarqdda rklmhmadti eegtiqpkems 
50 diiqrlwkds giqacferas eyqlndsagy ylsdlerlvt pgyvpteqdv Irsrvkttgi 
ietqfsfkdl nfrmfdvggq rserkkwihc fegvtciifi aalsaydmvl veddevnrmh 
eslhlfnsic nhryf attsi vlflnkkdvf fekikkahls icfpdydgpn tyedagnyik 
vqfldnmrr dvkeiyshmt catdtqnvkf vfdavtdiii k^Ikdcglf (SBQ ID KO:24) 

55 >G(T-2) 

mgsgasaedk elakrskele kklgedadke aktvkllllg agesgkstiv kqmkiihqdg 
yspeeclefk aiiygnvlqs ilaiiramtt Igidyaepsc addgrqlnnl adsieegtnqp 
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pelvevirrl wkdggvqacf eraaeyglnd sasyylnqle jritdpeylps eqdvlrsrvk 
ttgiietkfs vkdlnfrmfd vggqrserkk wihcfegvtc iifcaalsay dtnvlveddev 
nxtoheslhlf nslcnhkf f a atsivlflaok kdlfeekikk vhlsicfpey dgnnsyddag 
nyiksqfldl nrorkdTkeiy shmtcatdtq nvkfvfdavt diiikenlkd cglf (SBQ ID NO: 25) 

5 

>G(Z) 

mvf Isgnasd ssnctqppap vntskaillg vilgglllfg vlgnilvils vachrhlhsv 
thyyivnlav adllltstvl pfsaifevlg ywafgrvfcn iwaavdvlcc tasimglcii 
sldryigvsh plryptivtq rrglmallcv walslvlslg plfgwrqpap edeticqlne 
10 epgyvlfsal gsfylplaii Ivmycrvyw akresrglks glktdksdse qvtlrihrkn 
apaggsgmas aktkthfsvr llkfsrekka aktlgiwgc fvlcwlpffl vmpigsffpd 
fkpsetvfki vfwlgylnsc inpiiypcss qefkkafqnv Iriqdcrkq sskheilgytl 
hppsqavegq hkdmvripvg sreafygisr tdgvcewkff ssraprgeari tvskdqssct 

tarvrsksflqvcccvepstpsldknhqvptikvhtislsengeev (sbq id no:26) 

15 

>G(Q) 

macclseeak earrlndeie rqlrrdkrda nelkllllg tgesgkstfl kqmrilhgsg 
ysdedkrgft klvyqnif ta mqamiramdt Ikipykyehn kahaqlvrev dvekvsaf en 
pyvdaikslw ndpglqecyd rrreyqlsds tkyylndldr vadpaylptq qdvlrvrvpt 
20 bgiieypfdl qsvifimvdv ggqrserrkw Ihcfenvtsi mf Ivalseyd qvlvesdnen 
zmeeskalfr tlltypwfqn ssvllflnkk dlXeekimys hlvdyfpeyd gpqrdaqaar 
efilkmfvdl npdsdkiiys hftcatdten irfvfaavkd tilqlnlkey nav (SBQ ID NO.: 27) 

>G(Y-11) 

25 mtlesinmacc Isdevkeskr inaeiekqlr rdkrdarrel kllllgtges gkstflkqmr 
lihgagysee dkrgf tklvy qnlftainqam irametlkll ykyeqnkana lllrevdvek 
vttfehqyvs aikblwedpg iqecydrrre yqlsdsakyy Itdvdriatl gylptqqdvl 
rvrvpttgil eypf dlenli fnnvdvgggr serrkwihcf exxvtsimflv alseydqvlv 
esdnenrmde skalfrtiit ypwfcpiBsvi Iflnkkdlle dkilyahlvd yfpefdgpqr 

30 daqaarefil kmfvdlnpds dkiiyshftc atdtenirfv faavkdtilq Inlkeyxav (SEQ ID NO: 28) 

>G{Y-12) 

msgwrtlsr cllpaeagga rerragsgar daerearrrs rdidallare rravrrlvkl 
llXgagesgk stf Ikqrarii hgrefdqkal lefrdtifdn ilkgsrvlvd ardklgipwq 
35 ysenekhgraf Imaf enkagl pvepatfgly vpalsalwrd sgireaf srr sefqlgesvk 
yf Idnldrig qlnyfpskqd illarkatkg ivehdfvikk ipfkravdvgg qrsqrqkwfq 
cfdgitsilf mvssBeydqy Imednrtnrl vesnmifeti vnnklffnvs iilfXnkmdl 
Ivekvktvsi kkhf pdfrgd phqledvqry Ivqcf drkrr nrskplfhhf ttaidtenvr 
fvfhavkdti Iqezakdiml q (SEQ ID NO:29) 

40 

>G(Y-13 

laadflpsrsv Isvcfpgcll tsgeaeqqrk skeidkclsr ektyvkrlvk illlgagesg 
kstflkqmri ihgqdfdqra reefxptiys nvlkgiorvlv dareklhipw gdnsnqqhgd 
Janmsfdtrap maaqgmvetr vf Iqylpair alwadsgiqn aydrrrefql gesvkyfldn 
Idklgepdyi psqqdillar rptkgiheyd f eiknvpfkm Idvggqrser krwf ecfdsv 
tsilflvsss efdqvlraedr Itnrltesln Ifetlvnnrv fenvsiilfl nktdlieekv 
qivsikdyfl efegdphclr dvqkflvecf nxkrrdqqqk plyhhf ttai ntenirlvfr 
dvkdtilhdn Ikqlmlq (SEQ ID N0:30) 

50 >G(Y-14) 

magccclsae ekesqrieae ierqirrdkk darxelklll Igtgesgkst fikqpnrilhg 
sgysdedrkg f tklvyqnif tamqainiram dtlriqyvce qnkenaqilr evevdkvsnl 
sreqveaikq Iwqdpgiqec ydrrreyqls dsakyyltdi driatpsfvp tqqdvlrvxv 
pttglieypf dleniifrmv dvggqrserr kwihcfesvt siiflvalse ydqvlaecdn 
55 enrmeeskal fktlltypwf InssvilfXn kkdlleeklm yshXisyfpe ytgplcqdvxa 

ardfilklyq dqnpdkekvi yshf tcatdt dnirfvfaav kdtilqXnlr efnlv (SBQ ID N0:31) 
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>G(Y-15) 

marsltwrcc pwcltedeka aarvdqeinr 
gmriihgagy seeerkgfirp Ivyqnifvsra 
pyjcvttfekr yaaatngwlwr daglracyer 
5 dvlrsni?>tt gineycf svq ktnlrivdvg 
cleennqonr mkeslalfgt llelpwfkst 
pkqdaeaakr fildmytrmy tgcvdgpegs 
dsvlaxylde Inll (SBQ ID NO: 32) 

0 >Gusdudn 

mfdvggqrse rUewihcfeg vtcii£caal saydmvlved eevQxnihesX hlfnslcaibk 
yfsttsivlf Inkkdlfqek vtkvhisicf peytgpntfe dagnyiknqf Idlnlkkedk 
elyshmtcat dtgnvkfv£d avtdiiiken Ikdcglf (SBQ ID NO: 33) 



Example 13: GPCR polypeptides 



illeqkkqdr gelkllllgp gesgkstflk 
ramieamerl qipfsrpesk hhaslvmsqd 
rrefhlldsa vyyl shier i teegyvptaq 
gqkserkkwi hc£enviali ylaslseydg 
svilflnktd ileeklptsh latyfpsfqg 
kkgarsrrlf shytcatdtq nirkvfkdvr 



ref 


NP^ 


_006134.1 


ref 


xp" 


'049562.1 


re£ 


NP' 


'Q04876.1 


ref 


XP_ 


]011102.1 


re£ 


NP" 


|057624.1 


re£ 


XP~ 


]011520.3 


ref 


npI 


001517.1 


ref 


NP- 


.001471.1 


ref 


NP^ 


*071429.1 


ref 


xp' 


'005747,4 


ref 


NP 


.001048.1 


ref 


Np" 


"000901.1 


ref 


HP. 


003848.1 


ref 


XP 


[004030.2 


ref 


Np" 


'000015.1 


ref 


XP_0 01777.1 


ref 


XP3llfl71.3 


ref 


MP_0 01516.1 


ref 


NpI001041.1 


ref 


1SP_001040.1 


ref 


HP"o 01044.1 


ref 


XP. 


.012565.1 


ref 


NP_ 


.115940.1 


ref 


XP" 


"037563.1 


ref 


NP_0 01050.1 


ref 


XpI011942-1 


ref 


XP_017624.1 


ref 


9P'~004339.1 


ref 


KP_ 


.071640.1 


ref 


NP_ 


.055441.1 


ref 


xpI 


"009594.2 


ref 


npI 


||003605.1 


ref 


NP- 


"001049.1 


ref 


xpI 


^039747.1 


ref 


wp" 


"000905.1 


ref 


XP 


004341.2 


ref 


XP 052174.1 


ref 


XP^ 


_052175.1 


ref 


XP^ 


_^052165.1 


ref 


xp" 


'052164.1 


ref 


NP" 


000861.1 



6 protein- coupled receptor 19 [Homo sapiens] 
G protein- coupled receptor 19 [Homo sapiens] 
neuropeptide G protein- coupled receptor; n... 
46228 [Homo sapiens] >gi 1 14723215 1 ref |XP_0 . 
G protein- coupled receptor 72? reserved; G. . . 
orexin receptor 2 [Homo sapiens] 
orexin receptor 2 [Homo sapiens] 
galanin receptor 1; Galanin receptor [Homo... 
neuropeptide FF 1; RFamide-related peptide... 
tacliylcinin receptor 2 [Homo sapiens] 
tachykinin receptor 2; Tachykinin receptor... 
neuropeptide Y receptor Y2 (Homo sapiens] . . . 
galanin receptor 2 [Homo sapiens] >gi|l365... 
adrenergic, beta-2-, receptor » surface [Ho... 
adrenergic, ]3eta-2'-, receptor, surface [Ho... 
orexin receptor 1 [Homo sapiens] 
neuropeptide FF 1; RFamlde-related peptide... 
orexin receptor 1 [Hdmo sapiens] 
somatostatin receptor 2 [Homo sapiens] >gl . . . 
somatostatin receptor l [Homo sapiens] >gl . . . 
somatostatin receptor 5 [Homo sapiens] 
somatostatin receptor 5 [Homo sapiens] 
G protein- coupled receptor; 6 protein- coxap. . , 
G protein- coupled receptor [Homo sapiens] 
tachykinin receptor 3; NK-3 receptor; neur. , . 
prolactin- releasing hormone receptor [Homo. . . 
6 protein- coupled receptor 58 [Homo sapiens] 
prolactin- releasing hormone receptor [Homo. . . 
histamine receptor H2 ; gastric receptor 1 . . . 
G protein-^cotipled receptor 58 [Homo sapiens] 
somatostatin receptor 4 [Homo sapiens] 
galanin receptor 3; galanin receptor, farai — 
tachykinin receptor 1, isoform long; Tachy. . . 
opioid receptor, mu 1 [Homo sapiens] >gl|l... 
opioid receptor, mu 1 [Homo sapiens] 
53355 (Homo sapiens] 

50635 [Homo sapiens] 

5 -hydroxy tryptaraine (serotonin) receptor 4... 
5 -hydroxy tryptamine (serotonin) receptor 4... 

50636 [Homo sapiens] >gi 1 14732317] ref |XP_0. . . 
5 -hydroxy tryptamine (serotonin) receptor 4... 
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ref 


NP_ 


001043.1 


ref 


HP 000721.1 


ref 




006670.1 


ref 




]055442.1 


ref 




]000698,1 


ref 


NP„ 


001718.1 


ref 


xp" 


040306.1 


ref 


hp" 


056542.1 


ref 


hp" 


'001042.1 


ref 


HP 000722.1 


ref 


NP_ 


000789.1 


ref 


NP^ 


[0OO6I2.I 


ref 


NP^ 


[004215.1 


ref 


xp" 


]010228.2 


ref 




000907.1 


ref 


xp" 


"052179.1 


ref 


HP~ 


005192.1 


ref 


HP_000670.1 


ref 


XP"046588.1 


ref 


HP 


000671.1 


ref 


HP_110411.1 


ref 


XP 


003199.2 


ref 


XP' 


]017623.1 


ref 


HP 


]005949.1 


ref 


NP' 


'115892.1 


ref 


HP_000903.1 


ref 


HP_ 


000900.1 


ref 


xp" 


,011716.2 


ref 


XP_ 


_011707.2 


ref 


xp' 


048085.1 


ref 


XP 048084.1 


ref 


HP 


000785.1 


ref 


XP_048082.1 


ref 


HP_0 03292-1 


ref 


HP"005305.1 


ref 


XP 006335.4 


ref 


XP_ 


006334.3 


ref 


HP 000786.1 


ref 


XP_ 


.036647.1 


ref 


XP_041422-1 


ref 




057658.1 


ref 


hp' 


_000697.1 


ref 


hp] 


.002502.1 


ref 


xp" 


]01847S.l 


ref 


ml 


,062874.1 


ref 


ml 


]000730.1 


ref 


uf 


]062873.1 


ref 


hp' 


]000863.1 


ref 


hp] 


]000667.1 


ref 


hp] 


_000675.1 


ref 


hp' 


"005963.1 


ref 


HP_000732.1 


ref 


XP]]03 9923-1 


ref 


HP_ 


_000787.1 


ref 


xp' 


]011027.3 


ref 


Hp] 


]061B22 . 1 


ref 


hp] 


]000731.1 


ref 


hp] 


]000669.1 


ref 


hp" 


^005282.1 


ref 


xp' 


'048332.1 



somatostatin receptor 4 EBomo sapiens] 
cholecystoklnin A receptor [Homo sapiens] . . . 
putative opioid receptor, neuromedin K (ne. . . 
G protein- coupled receptor 57 [Hcnno sapiens] 
arginine vasopressin receptor IB; arginine... 
bombesin-* like receptor 3 [Homo sapiens] >g. . . 
similar to SOMATOSTATIN HECBPTOR TYPE 2 (S... 

tachykinin receptor 1, Isoform short; Tach 

somatostatin receptor 3 [Homo sapiens] >gi... 
cholecystokinin B receptor [Homo sapiens] 
dopamine receptor D5 ; Dopamine receptor Dl . • . 
5-hydro3cytryptaraine (serotonin) rec^tor 2... 
6 protein- coupled receptor 50 [Homo sapiens] 
6 protein- coupled receptor 50 [Homo sapiens] 
oxytocin receptor [Homo sapiens] 
oxytocin receptor [Homo sapiens] >gi| 14725.,, 
chemokine (C-C motif) receptor 8; chemokin. .. 
adrenergic, alpha-IB-, receptor; adrenergi... 
G protein- coupled receptor sit [Homo sapie... 
adrenergic, alpha -1A-, receptor; adrenergi... 
brain expressed G-protein-coupled receptor. . . 
growth hormone secret agogue receptor [Homo. . . 
G protein- coupled receptor 57 [Homo sapiens] 
melatonin receptor lA; melatonin receptor . . . 
G protein- coupled receptor sit; melanin-co. . . 
opioid receptor, kappa 1; Opiate receptor,... 
neuropeptide Y receptor Tl; Neuropeptide Y. . . 
similar to opioid receptor, kappa 1; pplat... 
adarenergic, alpha- 1A-, receptor [Homo sapi... 
adrenergic, alpha -1A-, receptor [Homo sapi... 
adrenergic, alpha-lA-, receptor [Homo sapi... 
dopamine receptor Dl [Homo sapiens] 
adrenergic, alpha- 1A-, receptor [Homo sapi... 
thyrotropin- releasing hormone receptor [Ho. . . 
gastrin^ releasing peptide receptor [Homo s... 
dopamine receptor D2 [Homo sapiens] 
dopamine receptor D21onger [Homo sapiens] 
dopamine receptor D2 [Homo sapiens] >gi | 14 . . . 
dopamine receptor D2 [Homo sapiens] >gi 1 14 . . . 
similar to dopamine receptor D2 (H. sapien. . . 
dopamine receptor D21onger [Homo sapiens] . . . 
arginine vasopressin receptor lA; Via vaso. . . 
neuromedin B receptor [Homo sapiens] 
neuromedin B receptor [Homo sapiens] 
5-hydroxytryptamine receptor 7, isoform b;... 
cholinergic receptor, muscarinic 2; muscar... 
5-hydroxytryptamine receptor 7, isoform d; . . . 
5-hydraxytryptamine receptor 7, isoform a;.., 
adenosine A2b receptor [Homo sapiens] >gi | . . . 
be ta-l- adrenergic receptor [Homo sapiens] 
pancreatic polypeptide receptor 1 [Homo sa... 
cholinergic receptor, muscarinic 4; muscar... 
44527 [Homo sapiens] 
dopamine receptor D3 [Homo sapiens] 
dopamine receptor D3 [Homo sapiens] 
G protein- coupled receptor 14 (Homo sapiens] 
cholinergic receptor, muscarinic 3; muscar. . . 
adrenergic, alpha- ID-, receptor; adrenergi... 
G protein- coupled receptor 17 [Homo sapien. . , 
similar to purinergic receptor (family A g. . . 
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ref 




^000672.1 


ref 


XP, 


,005827-3 


ref 


NP_ 


'005288.1 


ref 




^002021.2 


ref 


NP_ 


'005276.1 


ref 


XP' 


'010009.2 


ref 


NP 003458-1 


ref 


NP_ 


.000673.1 


ref 


xp" 


'051229.1 


ref 


NP" 


'001453.1 


ref 


NP_ 


^006047.1 


ref 


NP" 


^000856.1 


ref 


xp" 


"043737.1 


ref 


NP^ 


005499.1 


ref 




^000638.1 


ref 


xp" 


[009664.1 


ref 


NP' 


'005285.1 


ref 


XP^ 


,009561.2 


ref 


NP" 


"004063.1 


ref 
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adrenergic, alpha- receptor [Homo sapi . . . 
beta-l-adrenergic receptor [Homo sapiens] 
G protein- coupled receptor 24 [Homo sapien... 
f onnyl peptide receptor-like 2 (Homo sapie . . . 
G protein-coupled receptor 7 [Homo sapiens] 
similar to somatostatin receptor-liJce prot... 
chemokine (C-X-C motif ) , receptor 4 (fusin. .. 
adrenergic i alpha- 2B-, receptor (Homo sapi... 
similar to C-X-C CHEMOKINE RECEPTOR TYPE 4 . . . 
formyl peptide receptor-like 1; lipoxin A4 . . . 
G protein- coupled receptor 66 [Homo sapien... 
5-hydroxytryptaraine {serotonin} receptor 1... 
41064 [Homo sapiens) 

chemokine {C-C motif) receptor 4; chemokin... 
chemokine {C-C motif) receptor 2; chemokin... 
opiate receptor-like 1 [Homo sapiens] >gi|... 
G protein- coupled receptor 21 [Homo sapien. 
34426 (Homo sapiens] 

chemokine- like receptor 1 (Homo sapiens] >... 
chemokine- like receptor 1 [Homo sapiens} 
5-hydroxytryptamine (serotonin) receptor 1.., 
arginine vasopressin receptor 2 [Homo sapi . . . 
opsin 1 (cone pigments), long- wave- sens i ti« • • 
similar to PROBABLE G PROTEIN- COUPIiBD RECB... 
adenosine Al receptor [Homo sapiens] >gi|l... 
similar to pancreatic polypeptide receptoi:. . . 
angiotensin receptor i; angiotensin recept... 
adrenergic, alpha-2C-, receptor [Hbino sapi... 
6 protein- coupled receptor 17 [Homo sapiens] 
angiotensin receptor 2 [Homo sapiens] 
chemokine (C-C motif) receptor 6 [Homo sap... 
opsin 1 (cone pigments), medium-vave-sensi . . . 
similar to chemokine (C-C motif) receptor . . • 
purinergic receptor P2Y., 6-protein coupled... 
purinergic receptor P2Y, 6-protein coupled... 
chemokine (C-C motif ) receptor 6; chemoltin... 
opsin 1 (cone pigments), short- wave - senslt. . . 
orphan seven- transmembrane receptor, chemo... 
chemokine (C-C motif) receptor 9 [Homo sap... 
opsin 1 (cone pigments), sliort-wave-sensit. . . 
similar to C-C CHEMOKINE RECEPTOR TYPE IX . . . 
chemokine (C-C motif) receptor S; chemolcin... 
chemokine (C-C motif) receptor 9, isoform ... 
5-hydroxytryptamine (serotonin) receptor 2... 
putative purinergic receptor [Homo sapiens . . - 
G protein- coupled receptor 32 [Homo sapien... 
G protein- coupled receptor 85; super conse... 
G protein-coupled receptor [Homo sapiens] . . . 
cysteinyl leukotriene CysLT2 receptor; cDN... 
growth hormone secretagogue receptor [Homo . . . 
opsin 3 (encephalopsin) [Homo sapiens] 
opsin 3 (encephalopsin) [Homo sapiens] >gi... 
G protein- coupled receptor 5 [Homo sapiens . . . 
super conserved receptor e^qpressed in brai . . . 
G protein- coupled receptor 34 [Homo sapien... 
G protein- coupled receptor [Homo sapiens] ... 
chemokine binding protein 2 [Homo sapiens] . . . 
G protein-coupled receptor 65 [Homo sapiens] 
G protein-coupled receptor 20 [Homo sapiens] 
G protein- coupled receptor 23 [Homo sapien 
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adrenomeduUin receptor; Q-protein- coupled. . . 
coagulation factor II (thrombin) receptor-... 
bradyklnin receptor Bl [Homo sapiens] 
B-hydroxytryptamine (serotonin) receptor 1... 
Q-protein coupled receptor SALPR; somatost . . . 
histamine H4 receptor [Homo sapiens] >gl|l... 
5-hydroxytryptamine (serotonin) receptor 2... 
G protein- coupled receptor 65; T-cell deat... 
6 protein- coupled receptor 39 [Homo sapien... 
bradyfcinin receptor Bl [Homo sapiens] 
6 protein- coupled receptor 72 [Homo sapien... 
histamine receptor H3 [Homo sapiens] 
arginlne vasopressin receptor 2 [Homo sapi . . . 
histamine receptor H3; G protein- coupled r. . . 
34432 [Homo sapiens] >gi | 14786758 | ref |XP_0. . . 
G protein -coupled receptor 4 [Homo sapiens . . . 
adenosine A3, receptor [Homo sapiens] >gi|l.., 
endothelial differentiation, sphingolipid . . . 
G protein- coupled receptor 61 [Homo sapiens] 
formyl peptide receptor 1 [Homo sapiens] > — 
endothelin receptor type B, isoform 1 [Horn... 
endothelin receptor type B, isoform 1 [Horn. . . 
endothelin receptor type B isoform 2 [Homo . , . 
bradyklnin receptor B2 [Homo sapiens] >gi|... 
bradyklnin receptor B2 [Homo sapiens] >gi | . , . 
G protein-coupled receptor 25 [Homo sapiens] 
G protein- coupled receptor [Homo sapiens) 
G protein- coupled receptor 68; Ovarian can... 
G protein-coupled receptor 38 [Homo sapien... 
platelet ADP receptor [Homo sapiens] >gi|l.-. 
olfactory receptor, family 10, subfamily H. . . 
similar to cannabinoid receptor 1 (brain) . . . 
pyrimidinergic receptor P2Y, G-protein cou. . . 
central cannabinoid receptor, isoform a; C... 
seven transmembrane receptor BLTR2; leukot... 
olfactory receptor, family 2, subfamily B,.., 
platelet -activating factor receptor [Homo . . . 
similar to MELANOCYTE STIMULATING HORMONE . . . 
olfactory receptor, family 2, subfamily S, . . . 
central cannabinoid receptor, isoform a; C. . . 
48895 (Homo sapiens) >gi 1 14724697 1 ref |XP_0. . . 
melanocortin 1 receptor (alpha melanocyte . . . 
neuromedin IT receptor 2 [Homo sapiens) 
6 protein- coupled receptor 1 (Homo sapiens] 
G protein- coupled receptor 37 (endothelin . . . 
coagulation factor XI (thrombin) receptor- . . . 
G protein- coupled receptor 25 [Homo sapiens] 
complement component 5 receptor 1 (C5a lig. . . 
41743 [Homo sapiens] 

CC chemokine receptor lo [Homo sapiens] >g... 
G protein-coupled receptor 30; chemokine r. . . 
CC chemokine receptor 10 [Homo sapiens] 
chemokine (C-C motif) receptor 7; ChemoJcin.., 
28082 (Homo sapiens) >gi 1 14721034 | ref |XP_0. . , 
putative chemokine receptor; GTP- binding p... 
follicle stimulating hormone receptor; ova.., 
olfactory receptor, family 3, subfamily A,... 
follicle stimulating hormone receptor [Hom... 
G protein- coupled receptor 44; chemoattrac. . . 
similar to putative chemokine receptor; GT... 
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putative chemokine receptor,- GTP- binding p. . 
olfactory receptor, family 1, sia>family A,., 
putative G protein- coupled receptor 92 [Ho. . 
melanocortin 4 receptor [Homo sapiens] 
olfactory receptor, family 11, stibfamily A.; 
pyrimidinergic receptor P2Y, G-protein eou. . 
melanocortin 4 receptor [Homo sapiens] 
6 protein-coupled receptor 43 (Homo sapien. • 
olfactory receptor, family 1, s\xbf amily A, . . 
olfactory receptor, family 12, subfamily D. . 
olfactory receptor, family 10, subfamily H.. 
olfactory receptor, family 7, subfamily C, • . 
G protein- coupled receptor 12 [Homo sapien. , 
endothelin receptor type A [Homo sapiens] 
xnelanocortin 5 receptor [Homo sapiens] >gi.. 
prostate specific G-protein coupled recept. • 
endothelin type b receptor- lite protein 2 . . 
olfactory receptor, family 1, subfamily B, . , 
melanocortin 2 xreceptor; Kelanocortiii-2 re., 
olfactory receptor, family 1, subfamily F, . . 
purinergic receptor F2Y, O-proteln coupled. . 
gonadotropin-releasing hormone receptor (H. . 
purinergic receptor P2Y, O-protein coupled. . 
endothelial cell differentiation gene 7; o.. 
olfactory receptor, family 10, subfamily H.. 
olfactory receptor, family 1, subfamily A,., 
olfactory receptor, family 1, subfamily A,., 
coagulation factor ZZ receptor precursor; 
olfactory receptor, family 2, subfamily P, . . 
putative G-protein- coi^led receptor; 0 pro., 
olfactory receptor, family 2, subfamily F, . . 
prostaglandin E receptor 4 (subtype BP4) [.. 
putative leukocyte platelet- activating fac. . 
olfactory receptor, family 5, subfamily V 
coagulation factor II receptor precursor [ . , 
similar to olfactory receptor 89 (H. sapie. . 
olfactory receptor, family 2, subfamily J,., 
olfactory receptor, family 3, subfamily A,., 
olfactory receptor, family 3 , subfamily A, . . 
G protein- cox^led receptor 35 [Homo sapiens] 
complement component 3a receptor 1; comple.. 
G protein- coupled receptor 31 [Homo sapiens] 
coagulation factor II (thrombin) receptor-., 
olfactory receptor, family 1, sxxbfamily 6,.. 
coagtilation factor II (thrombin) receptor- . . 
olfactory receptor, family 7, subfamily A, . . 
olfactory receptor, family 10, subfamily C. . 
olfactory receptor, family 1, subfamily D, . . 
similar to coagulation factor II (thrombin. . 
leucine-rich repeat -containing O pirotein-c. 
inflammation-related G protein- coupled rec. 
putative purinergic receptor [Homo sapiens . . 
olfactory receptor, family 7, subfamily C, , . 
olfactory receptor, family 52, subfamily A., 
similar to NONB_RBTDRMBD (H. sapiens) (Horn.. 
G protein-coupled receptor 31 [Homo sapiens] 
olfactory receptor, family 1, subfamily E, . . 
olfactory receptor, family 1, subfamily P, . . 
super conserved receptor expressed in brai . . 
melanocortin 3 receptor [Homo sapiens] 
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olfactory receptor, family 2 , subfamily . . . 
olfactory receptor, family- 1, subfamily D, . . . 
olfactory receptor, family 1, subfamily D, ... 
similar to adrenergic, bata-3-, receptor 
melanocortin 3 receptor [Homo sapiens] 
6 protein- coupled receptor 86 [Hdmo sapiens] 
Q protein- coupled receptor 86 [Homo sapiens] 
endotbelial differentiation, lysophosphati . . . 
platelet activating receptor homolog [Homo . . . 
endothelial differentiation, sphingolipid . . . 
6 protein- coupled receptor 41 [Homo sapien. . . 
6 protein- coupled receptor 42 [Homo sapiens] 
putative cheraokine receptor [Homo sapiens] . . . 
olfactory receptor, family 1, subfamily D, . . . 
luteinizing hormone/choriogonadotropin rec . . . 
luteinizing hoxmonc/choriogonado tropin rec . . - 
luteinizing hormone/choriogonadotropin rec . . . 



20 Example 14. Riboreporter PDE target validatioii 

Riboreporters are raised against various subclasses of PDE for target validation. For 
example riboreporters are raised against each of four PDE4 subtypes. The four subclasses of 
PDE4 are differently localized both between cells and with differ with respect to their 

25 intracellular distribution. This differential localization, together with the transcriptional 

regulation and post-translational modification, controls the cAMP level in cells in response to 
Ac cells' environnientCMuller, Engek et al. 1996). 

The cDNAs for four PDE4 subtype are cloned fix>m human blood I^ocyte cDNA 
library as described (Wang, Myers et al. 1997). Each subclass can be expressed as 

30 recombinant protein fused with His-tag in E. coli or insect cells (Richter, Hennsdorf et al. 
2000) (Wan& Myers et al. 1997) . The e7q)ressed proteins are purified tiirou^ Mi^ columns 
accordmg to manuficturer's recommendation (Promega). Riborqxuters against four subclass 
of PDE4 are raised as desc^ed above. The riboreporters are tested for their subclass 
specificity. 

35 Tissue samples from different organs can be prepared, and the cell extract c^ be 

tested agamst a panel of PDE4 subclass-specific riboreporters to determine the protein level 
of each PDE in the organ. Thus, one can obtain more precise information about PDE4 levels 
relative to methods based on measuring the mRNA level (Bloom ami Beavo 1996) 
(Obemolte, Ratzliff et al. 1997) (Nagaoka, Shirakawa et al. 1998). 

40 Different classes of PDE (PDEl - 1 1) are expressed tissue-^ecific manner and play 

different physiological ioles(Conti 2000), and tiie subcellular localization of PDE regulates 
their activity. Accordmgly, the riboreporter can be used to detetmme the subcellular 
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localization of each PDE fixmi fractionated cell extract^ (Bolger, Erdogan et al. 1997), or in 
situ hybridizaticm technique (Sirinanunitr, Paul et ai. 1997). 

Example 15. Nudeofide Sequence and Acfivflj of a cAMP-dependentFDE 
5 riboreporter 

lie nucleodde sequence of a cAMP-^ep^ent PDE riborepoilar and ^ 
dependent riboreporter is presoited below. Allosteric donoiains and cleavage site nucleotide 
are shown in bold fimt 

10 

cAMP-Hammerhead RNA seq: 

5' - 66GC 6AC CC VGS^ UGA GCC OGU 60A AAC AfiA COU 6GC ACA U6A CUA COT CGA AAC 
G6U GAA A6C C60 AGG TTUG CGC -3' (SEQ ID NOr34) 

15 

cGMP-Hammerhead RNA seq: 

5' - GG6C 6AC CC UGA X7GA GCC CUG CGA U6C AGA AAG GOG CUO ACG ACA GAXX OGA AAC 
20 GG0 GAA AGC C6U ACQ DUG CCC -3' (SBQ ID NO:35} 

The cAMP and c6MP-dq)endezit riborcportos were added to a sohition omtaimng 
various amounts ofPDB and the conespondmg cyclic nucleotide (cAMP or cCMP)« The 
decreasing amount of the cyclic nucleotide c(»Tesponds to the inoeasing amount of PDE. 
25 These results demonstrate that the cyclic nucleotideKlepaidrat riboiq)orter5 can be used to 
measure PDE activity. 

Example 16. High Throughput Screenmg (BTIS!) assays using cAMP-depeadent FDE 
riboreporters 

30 A cAMP-dependent riboreporter can be used in HTS assays for PDEs (PDEl, PDE2, 

PDE3, PDE4, PDE7, PDES, PDEl 0, and PDEl 1). Similarly, cGMP-JependOTt-riboreporters 
can be used m HTS assays for PDEs (PDE5, PDE9, PDE10,and PDEl 1). Representative 
cAMP-dep^dent and cGMP-dependent PDE ribcniqportns are shown in Example 15. 

Each dass of PDE can be isolated fixmi human tissue (Ballaid, Gmgell et al. 1998), or 

35 expressed as reoombmant protdns in various system (eg. B coli, SF9 cells). Thus, the 

riboreporter can monitor the PDE activity in the presence and the absence of candidate drugs. 
For example, PDE and its substrate (i.e. cAMP and/or cGMP) are mcubated at piedetennmed 
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durations in a muhiwell chamb^ (e.g. 96, 384 well) with various concentration of 
compounds for screening, and the reaction is terminated by dianging the buffer conditions 
(e.g. addition of sufiBci^ amoimt of EGTA, shifHng buffer pHX or by separating enzyme 
and substrate (e.g;filterattQn). Nex^Aeriboreportm are added to measure the altered 
S concenlration of the substrate, cAMP and cdMP. Alternatively, xeengineered ribcHiqport^ | 
(e.g. JFRET, riboreportOT beacon) as described previously can be added without tominating 
ftePDBactivi^. 

cAMP- or cGMP-dq)end^ riboreporters can also be used to ciiaiacteiize the IC50 of 
the drug in vitro. A PDE assay is performed with serial dilutions of a compound of interest. 

10 Purified PDE or soluble extract from cells(Moreland, Goldstein et al. 1998) can be used for 

the assay. The assay can be p^ormed as described above. ; 

Alternatively, cAMP- or cGMP-dep«ident riboreporters are used to characterize the \ 
IC50 values of drug candidate in vitro, by analyzing cAMP- or cGMP synthesized by adenyl 
and guanyl cyclases. Adenylate and guanylate cyclase assays will be s^ up with series 

15 dilution of a compound of interest Membrane fractions containing Adenylate and guanylate 
cyclases are used fi»r the assay. The assay can be setup as described in ibc literature using 
ATP (Mr GTP as the substrate. 

Example 17. Competitiveassay using FDE riboreporters 
20 Riboreportos are generated that interact wi&tiie active sites of PDEs. PDE4 proteins 

are obtained as described above. The riboreporters are selected against PDE4 with negative 

selection in fte presence of PDE4 oamptoced with subnammiolar inhibitor (Rolipram). 

Thus, the riborqKJrter required an ^pty acthre site to recognize PDE4, and r% 

compete for PDE binding with inhibitors. 
25 The direct inhibition by the riboreporters can be tested udng commerically available 

PDE assay kits (Amersham SPA assay kit for cAMP, Molecular Devices HEEP cAMP assay 

kit), hi drug screening, the competition is performed with monitoring the signal fit>m 

riborqx)rters in flie presence of various hihibitors. Purified PDE or soluble cell extract from 

ap{m3priate source (e.g. Wistar rat brain, (Andersson, Gmalmaz et al. 1999) ) is incubated 
30 with riboreporters (lOOnM) in the presence and the absence of compounds in lOmM Tris ^ 

buffer pW3 containmg lOmM MgCb- The changes in the initial rate of each riborepoiter 

response m the presence and tfie abs^Mse of the drug can be monitored in homologous 

system. Multiple PDEs can be tested agamst a same compound mifae same well. Thisassay 
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is expanded if desired to deteimine the tissue specific interaction of each class of PDE and 
any compounds. 

Example 18. Cell-based assays using cydic niideotide-dependeDt PDE riboreporters 
S Riboreporters are used to monitor tte ceDular cAMP and cGMP level as resp(Hise to 

the injection of drags in tissue or rat cell fines. For example, strips of human c(»pus coUasum 
(HCC) tissue or rat HCC cell Imes ^ISl and McA-RH7777 cells) can be incubated in the 
presence and absence of a drug against PDES(Min, Kim et aL 2000) (Arora, de Groen d al. 
1996), and the cGMP specific ribor^iter can be used to measure the amount ofcGMP in 

1 0 sohible extract firom the tissue or cell sample as des^bed above. 

Alternatively, the cAMP, and cGMP-dependent riboreporters are incorporated into a 
reporter-gene plasmid as described above. This construct is introduced in cell lines by 
standard transfection (e.g. lipid-mediated transfection» calcium-phoqihate co-predpitation, 
microinjection, electroporation, retroviral mfection). The level of cGMP or camp in the cell 

IS is measured by the expression of the rq>orter gene. 

Example 19. PharmacokiBetics studies using riboreporters 

Riboreporters for dmgs in piecUnical and clinical trial for pharmacokinetics studies 

are prepared. A human s&nm sample with or without the administration of a drug or other 
20 therapeutic agent is prepared (Berzas Nevado, Rodriguez Flores et al. 200 1 ). The 

riboreporter is added to the sample. Ibe riboreporter is ihea detected, thereby measuring the 

dru g concentration in the whol e serum or extract 6om the serum . 

The riborqporto for drugs can also be used to d^ermine the drug distribution in an 

animal model system. For example a drug can be admuiistrated in animals (Le. Sprague 
25 Dawley rat^ New Zealand white rabbit) by IV or orally(AndOTson, Gemahnaz et al. 1999) 

(Jeremy, Ballard et al. 1997). At various time intenrals after drug admmistration» the animal 

is sacrificed. Various organs are tested for the drug distribution by m ^tu hybridization usmg 

the drug-dependent riboreporter. Alternatively, each organs/serum is prepared for 

pharmacokinetic studies as described above. 

30 

Example 20. Cell-permeability studies using riboreporters 

Riboreporters against a test compound are used to test cell permeability of the 
compound. These riboreporters can be incorporated into a reports gene construct, if desired, 
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to make a drug-sensitive reportor gene system as described above. This constract is 
introduced in established cell lines (e.g. HELA cells, 293 cell» CHO cell). The cells are 
cultured in various concentrations of drug in media, and the expression of the reports gene is 
monitored* 

5 

Example 21. Class specific FDE assay 

Riboieporters raised against catalytic domains of eadi class of PDEl-1 1 are prepared. 
We raise riboreporteis against the catalytic domains of all PDEs. These riboreporters can be 
used for target validation as described above. 
10 Alternatively, the riboreporters are used in competitive inhibition assays. Competitive 

riboreporters are used in vitro assays to screen compounds against multiple PDEs m 
multiplex assays, as described above. 

Example 22. Riboreporters activated by native ERKl and native ERK2 enzymes. 

15 A 74 nucleotide hammerhead riboreporter that is activated by native ERKl and native 

ERK2 enzymes the nucleotide sequence and regions of secondary structure shown in Figure 
1 5 A (EHHl 3) (SEQ ID NO:37) along wiA a substrate (SEQ ID NO:38). A partially double- 
stranded DMA construct that can be used to express the EHHl .3 riborq)orter is also shown 
(SEQ ID NO:39 and SEQ ID NO:40). The hamm^head ribor^iter and additional substrates 

20 are shown in Figure ISB as SEQ ID NOs: 41-45. 

The time course of signal generation in tfie presence of nonphosphorylated ERK, 
idiosphorylated ERK, and m the absence of protem is deteraiined by measuring signal 
released over time by a radiolabeled riboreporter. Significant amounts signal, correspondmg 
to cleavage of the riborq)orter is observed over time only with the nonphosphorylated ERK. 

25 The signal obtained nsmg the riboreporter decreases if the riboreporter is incubated with the 
enzyme m the presence of an HRK inhibitor. The decrease m riborq)orter signal is 
dependent on the concentration of the inhibitor. 

These results demonstrate that the riboreporter is ^>ecific for the non-phosphorylated 
fonnoftfaeERK. 
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Example 23. Riboreporters activated by ppERK 

A riboieporter activated by ppERK is shown in Figure 16 as SEQ ID NO:46 along 
with associated substrates (SEQ ID NOs:47-51). The riboieporter and substrate HSl.l (SEQ 
ID NO:47) are allcstericaUy activated by ppERK. 

5 

Example 24. High thron^pui screening (HTS) assays using ppERK riboprobes 

The competitive inhibitor nlx>iepoiter can be used in a HTSas^^^ Ariboreporter 
specific for phosphorylated ERK is used as a competitive inhibitor for ATP binding (Seiweit, 
Stines Nahreini et al. 2000). A competitive assay for compounds is establisfaed by mcubating 
10 ERK wiA lOnM riboreport^ in the presence of various conoentFations of the inhibitors in 
lOmM Tris bufier pH7^ containmg 0.5ug/ul tRNA and IQmM MgCb- The reactions are 
terminated by addition of EDTA and the amount of reacted riboreporter is 
detennined(figure). 

In other embodiment, the riboreporters that are sensitive for the phosphorylation state 
15 of peptides (or protein substrates) can be used HTS assay for kinase activity. The 

riboreporters can be raised specific against the phosphorylation state of substrates or its 
peptides(see table). HTS assay can be perfomied using these substrate (Mansour, Candia et 
al. 1996), For example, MEK can be expressed as GST-tagged protein and purified by a 
standard mediod. The activity are measured at 30 C under standard reaction conditions of 
20 20 mM HEPES (pH 7.4), 2 mM dithiothreitol, 0.01% Triton X-100, 10 mM U%Ch, 0.1 mM 
ATP, and IM His-tagged ERK2, at conc^itrations of MEK, 0.S nM, m the presence of 
various conc^tration of compounds . After incubation, the reaction is terminated by 
absorbing MEK with GST-cohmm. Phosphorylation of ERK2 was quantified by 
riboreporter. Alternatively the riboreporter can be used in western-blottmgfonnat 
25 (Bianchiniy Radrizzani et al. 2001). 

The riboreporter specific for phosphoERK (ppERK) described in Example 23 binds to 
ppERK, presumably in a competitive manner at the active site of the kinase enzyme, and 
inhibits the phosphorylation of the ppERK substrate by ppERK enzyme. Up to 200 nM 
riboreport^ inhibits up to 80% of the ppERK phosphorylation of ERK substrate. 

30 

Example 24. In vivo assays using phosphorylation state-sensitive riboreporters 

The phosphorylation state sensitive ppERK riboreporter is used to determine drug 
efiBcacy in vivo (e.g. tissue and cell culture). For example^ T84 cells on glass covmlips are 
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incubated in the presence and the absence of tiie MEK kinase inhibitor, and cells are fixed by 
4% parafonnaldehyde and penneabilized using 03% Triton X-100. The slides are incubated 
wifli FRET riboeporto (Biandiini^ Radrizzani et al. 2001). The localization of 
jAosphoiylated substrate can be observed using a confi)ca] microscope. 

5 Alternatively, idiosphoiyiation-state-sensitive riboreporter are incorporated into 

reporter-gene constructs discussed above. These constructs are mtroduced into cells, and 
phosphorylation of the substrates is monitored. 

Riborepoitets made of nuclease resistant foims of aUosterio- hammerhead, -ligase or - 
hairpin ribozymes are transfected into mammalian cells using standard lipofectamine reagents 

10 or liposomal solutions kno^ to effect internalization an cellular uptake of polynucleotides. 

If desired, the riboreporter allosteric- hammeitead, -ligase or -hairpin ribozymes or 
aptamer beacons or signaling apatamers are attached to polypeptides such as tar or 
antennapoedia or the like and are transported into mammalian cells by m^ods knowi in the 
art. 

IS . The activity of riborq)orter systems is followed by diang^ in fluorescence if the 

Riboreport^ is fluorescently tagged, or by changes m size as determined by RT-PCR of 
product and substrate forms of theallostericribozyme. 

Example 25. High Throughput Screenfaig (HTS) Assay using G protein riboreporters 

20 Activated Ga^rotein depend^t riboreporters are used in vitro to test the efficacy of 

fte agonists and inverse agonists for any OPCR. Gia-ftotein cDNA can be obtained 
(Guthrie cDNA resource Center) and exjnressed m B coli as His4agged protem(Lee, Linder et 
aL 1994). GDP or GIT<^S are added during tiie purification to avoid degradation. GDP- 
complex Gia-protein and GTP-complex Gia-protein are used to rmse riboreporters. 

25 GTP<-compIexGia-protein(activated-Oia-protem)-dq)endentrib^ 

in a binding assay to screen die selected riboreporters with desirable properties. For example, 
membrane fiacdon of C6 gloom cells in 12-well plates are loaded for 16 h in the presence 
and the absence of adrenalina Cell lysate can be tested for activated Gia-protein-dependent 
riboreporter response. Altranatively, the competitive binding for adenylyl cyclase is tested 

30 following die mhibition of adenylyl cyclase activity by activated Gia-protein in the presence 
of riboreporters by a modified assay based on a previously described assay(Burt, Saut6 et al. 
1998). 
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Adenylyl cyclase activity is measured as described in the presence and fte absence of 
ribcM^rters (Ko2asa and Oilman 1995). Cell membranes j&om HeLa cells transfccted with 
hxrnian cloned S-HTia recqptors resu^nded in buffer are used to screen compounds. The 
membranes are incubated with 30 M GDP and decreasing concentraticms of test drugs (from 
5 100 pM to 0.1 nM) or decreasing concoitrations of 5-HT, from 100 M to OA xM (refaence 
curve) for 20 min at 30 C in a final volume of about 0*5 mL (Stantoi and Beer 1 997). Tien 
samples are added with OTPS and the riboreporteis and then incubated for a forfher 30 min at 
30 C. 

Alternatively, riboreporters are raised diat depend on the presence of Gp-protein 
10 uncomplexed with Ga-iurotein. There are four known classes of Gp-jHrotefat Gp-protdn 
complex with Oy^protein can also play important roles in the signal transduction. Aflra' 
dissociation from alpha subunit, tibds complex is known to regulate various target protein, 
such as GRKSk Raf kinase, adenylyl cyclase^ PLCs and ion diannels. Produdng block the 
complex for activating their effectors. 

15 

Example 26. Cell-based assays using GPCR riboreporters 

GPCR riboreporters are used in cell-based assay using modifications of previously 
described GPCR assays (Hun, Ellington et aL 2001). For example, P-adrener^c receptor can 
be expressed in CHO cells. CHO cells are grown in multiwell tissue culture plates in 

20 Dulbecco's modified Eagle media (DMEM) with 10% fetal bovine serum. On the day of 
assay, medium was replaced with 02 mL treatment medium containing DMEM media 
containing 250 M IBMX Osobutyl-l-methybcantine) plus 1 mM asccMl>ic acid with test 
compound dissolved in DMSO. Test compounds are added at a desired concentration range 
(e.g, 10"^ to 10'*M). Isoproterenol (10*^ M) is used as an mtonal standard for comparison of 

25 activity. Cells were iDcubated at 37 Conarodcvfor lS-30mjn.11iencelbarelysedand 
the level ofthe activated Gai}n]tein is measured by the riboreporter. The antagonist can be 
screened m the same format m the presence of the known agonist by detectnig fiie decreasing 
amount of the activated Goc-protdn. 

Alternatively, the agonism and the antagonism of compounds for specific or general 

30 GPCR is measured usmg tlie riborqporter. For example^ evaluation of compounds for r 

antagonism can be peribrmed using Sprague Dawley rats. The aorta from annual is isolated 

and freed of adhering connecfive tissue. Desmetfaylimipramine (0.1 M) and ooiticosterone (1 

M) to block neuronal and extraneuronal uptake of noradrenaline, (dk)-pn)pranolol (IM) to 
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block p-receptors, and yohimbine (0.1 M) to block r-receptors can be added. Aortic strips are 
incubated with various concentration of compounds in the presence and die absence of 10 M 
noradraialine. Then the cell extract can be prepared and Ae activated Gia-protein level in the 
cell can be measured with the riborepoiters (Barlooco, Cignarella et al. 2001). 

5 

Example 27. Multiplex assays usiDg IMFDH ribor^orters 

The IMPDH type 1 polypeptide and IMFDH type 2 polypqytides 
homology. An sq>tamer is isolated based on its ability to bind the polypqi^ 
("IMPDH-1 Aptamer^ is prepared, as is an aptamor timt based on the ability to bind the 

10 polypeptide IMPDH-2 ClMPDH-2 Aptam^*)- Activity of the aptamers is detennined in the 
piesmice of IMPDH-U in the presence of IMn)H-2, or m tiie absoice of exogenous protein. 
Little Unding is observed of eitiier MPDH-l Aptamer or IMPDH-2 aptamer is observed m 
the absence of exogenous protein. While IMPDH-1 binds both IMPDH-1 and IMPDH-2 
polypeptides, the IMPDH-1 zptamci binds with higher affinity to IMDH-1 polypeptide. 

1 5 IMPDH-2 shows significant bindmg to IMPDH-2 polypeptide but shows no significant 
bindmg to IMPDH-1 polypeptide. 

Example 28. in vitro assay for 6PCR activation by following liberation of Ga-protdn 
with Ga-protdn dependent riboreporters. 

20 

Riboreporters raised against Ga-protein subunits are used to test the efiBcacy of 
agonists and inverse agonists for any GPCR m vitro using activated G. For example, 
Gkx-protien cDNA can be obtamed (GuOrie cDNA resource Center) and expressed in E coli 
as His-tagged protem(Lee, Linda et al. 1994). GDP or GTP-7S are added duringihe 

25 purification to avoid degradation. GDP-compl^ Gia-protein and GlP-complex Gia-protein 
aie used to ra^ riboreporters. GTP-complex Gia-protem(activated-G]a-protem)-depend^ 
riborqporter can be tested for the binding assay to scre^ the selected riboreporters with 
desirable prop^es. For example, membrane firaction of C6 glioma cells in 12-well plates 
were loaded for 16 bin the presraoe and tiie absence of adrenaluie. Cell lysate can be tested 

30 for activated Giai3rotein-dq>endaitriboreporter response. Alternatively, the comp^xtive 
bindmg for adenylyl cyclase can be tested foltowmg the inhibition of adenylyl cyclase 
activity by activated Gia-protem in die pesence of riboreporters by a modified assay based 
on a previously descaribed assayQBur^ Sautel et al. 1998). 
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Adenylyl cyclase activity can be measured as described in the presence and the 
absence of riboreporters (Kozasa and Oilman 1995). Cell membranes from HeLa cells 
transfected with human cloned S-HTi a receptors resuspended in buffer can be used to screen 
compounds. The membranes are incubated with 30 mMCODP and decreasing CQDcei^^ 
5 of test drugs or decreasing concentrations of 5-Hr» from 100 M to 0.1 nM (reference curve) 
for 20 min at 30 C fai a final volume of about 0.3 mL (Stanton and Be^ 1997). Tlim 
samples are added with OTPS and the riboieportm and then incubated for a finther 30 mm aft 
30*^0. 

Riboreporters can also be raised that are depend on flie presence of Cp-protem 
10 uncomplexedwitiiOa-protein. Tliere are four known class of Cp-protein. Cp-protdn 
complex wiA GY^pFotetn can also play important roles in the signal transduction* After 
dissociation fiom alpha subunit. Ibis complex is known to regulate various target protein, 
such as GRKs, Raf kinase, adenylyl cyclase, PLCs and ion channels. Phosdudn block the 
complex for activating fheir effectors. 

15 

Example 29* CdWbased assay GPCR assay following Ga-acdvation. 

Riborep>orta^ are used in cell-based assay in similar to tiie assay described 
previously(Hu, Ellingboe et al. 2001). For example, p-adrenergic receptor can be expressed 
in CHO cells. CHO cells are grovra in multiwell tissue culture plates in Dulbecco's modified 

20 Eagle media (DMEN^ with 10% fetal bovine serum. On the day of assay, medium is replaced 
with 02 mL treatment medium containing DMEM media containing 250 mM IBMX 
(isobutyM-metiiykantine) plus 1 mM ascorbic acid with test compound dissolved in DMSO. 
Test compounds are added at a deshred concentration rango (e.g. 10'^ to 10^ M). 
IsoproterenlO'^ M) is used as an internal standard for comparison of activity. Cells were 

25 incubated at 37" C on a rock^ for lS-30 mhi. Then cells are lysed and the level of flie 

activated Ga-protem can be measured by the riborq)orter. The antagonist can be screening 
in the same fonnat in the presence of tiie known agcmist by detecting the dec^^ 
of the activated Ga-protein. 

Alternatively, tiie agonism and tibe antagonism of compounds for specific or g^ieral 

30 GPCR can be measured using the riboreport^. For exampleyevahiation of compounds for 

antagonism can be perfoimed using Sprague Dawley rats. The aorta fit>m anhnal is isolated, 

fieed of adhering connective tissue. Desmethylimipramine (0.1 M) and corticostenme (1 M) 

to block neuronal and extraneuronal iqptake of noradrenaUne, (db)-propranolol (IM) to block 
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PHrecqptofs, and yohimbine (0, 1 mM) to block 2-receptors can be added. Aortic strips can be 
incubated wifli various concentration of compounds in the presence and the absence of 10 
mM noradrenaUne. Ihen die cell extract can be prepared and the activated Gia-piotein level 
in the cell can be measured with die riboreporters (Barlooco, Cignarella et al. 2001). 

5 

Example 30. Multiplex assay for Ga-proteins 

Riborepoztm are raised vAnose activity is dqiendent on multiple activated G^roteins. 
Human G-protein cDNAs are obtained jfirom publicly available databases or aie cloned by 
RT-PCR from poUca-RNA pool of appropriate source. They can be expressed as described 
10 above and use to select riborqportrasi The readouts for multiplex assay system are discussed 
above. 



The follovmg references provided include additional infimnation, Ifae entirety of 
1 5 whidi is mcorporated herein by refer^ice. 
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CLAIMS 



1 . A nucleic acid senses molecule, the nucleic acid s^isof molecule comprising 



10 



5 



a target molecule activation she, the targ^ molecule activation site comprising 
a structure diat recognizes a target molecule and 
an optical signaling unit, Y^herein said optical signaling unit includes at 
least one nucleotide coupled to a signaling moiety; and ^wherein said 
signaling moiety changes its optical properties upon allosteric 
nu)dulation of said nucleic add sensor molecule following recognition 
of said target molecule. 



2. Hie nucleic acid sensor molecule of claim 1, wherein said optical signaling unit 
comprises a first nucleotide coupled to a first signaling moiety and a second nucleotide 
coupled a second signaling moiety, and wherein said first and second signaling moieties 

15 change proximity to each otfao* upon recognition of said target molecule by said target 
activation site. 

3. The nucleic acid sensor molecule of clahn 2, wherein said fist and sec<Hid 
signaling moieties comprise a fluorescent label and a fluorescent quendier, and recognition 

20 by said nucleic acid SWOT ofsaid target molecule results in an increase in detectable 
fluorescence of said fluorescent label. 

4. The nucleic acid sensor molecule of claim 2, wherein said first signaling moie^ 
and said second signalmg moiety comprise fluorescent energy fiansfar (FRET) donor and 

25 accqstor groups, and recognition fay said nucleic acid sensor molecule of said target molecule 
results in a diange in distance between said donor and accq>tor groiip% tiiereby dianging 
optical properties of said molecule. 

5. The nucleic acid sensor molecule of claim 1, wherein said q>tical signaling unit 
30 consists essentially of a first signalmg moiety, wherein said first signaling moiety changes 

conformation upon recognition by said target mplecule of said target activation site, tiiereby 
resulting m a detectable optical signal. 
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6. The nucleic acid sensor molecule of claim 1, wherein sad nucleic acid sensor 
molecule includes at least one modified nucleic acid. 

7. The nucleic acid sensor molecule of daim 1, whmin said nucldc add sensor 
5 molecule is KKA. 

8. Hie nucldc add sensor molecule of claim 1, ^n^ierein said nucleic add sensor 
molecdeisIXNA. 

10 9. The nucleic add sensor molecule of claim 4, wherein said nucleic add sensor 

molecule is KNA. 

10. The nucleic acid sensor molecule of claim 1, wherein said targ^ molecule is a 
polypq>tide. 

IS 

1 1 . A method of detecting a target molecule, the method comprising 

providing a nucleic acid saisor moleculcj, the molecule comprising a target molecule 
acdvation she, the target molecule activation site comprising a structure that recognizes a 
tar^t molecule and an optical signaling unit, wherein said optical signalmg unit inchides at 
20 least one nucleotide coupled to a signaling moiety; and wherein said signaling moiety 
dianging its optical properties upon allosteric modulation of said nucleic acid sensor 
molecule; 

contacting said nucleic add soasor molecule with a sample known to contain or 
suspected of containing a target molecule; and 
25 detecting said light signal, wherein said light signal indicates the presence of said 

targ^ molecule m said population. 



12* The method of claim 1 1, wherein said optical signaling unit comprises a first 
nucleotide coupled to a first signaling moiety and a second nucleotide coupled a second 
30 signaling moiety, and wherdn said first and second signaling moieties change proximity to 
each other upon recognition of said target molecule by said target activation site. 
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13. The meOiod of claim 12, wherein said first and second signaling moiety 
comprise a fluorescent label and a fhiorescoit quendier, and recognition by said nucldc acid 
sensor of said target molecule results in an increase in detectable fluorescence of said 
fluoresce! label. 

5 

14. The method of claim 1 1, i^erein said first signaling moiety, and said second 
signaling moiety oomporise flu(»escent energy transfer (FRET) donor and accqytor gcou|>St 
and recognition by said nucleic acid sensor molecule of said target molecule results in a 
change in distance between said donor and accq)tor groups^ tfacfeby chsmg in g optical 

10 properties of said molecule. 



15. The mediod of claim 1 1, wherein said optical signaling unit consists essentially of 
a first signaling moiety, wherein said first signaling moiety changes conformation upon 
recognition of said target molecule by said target activation site^ thereby resulting m a 

1 5 detectable optical signal. 

16. The method of claim 1 1, wherein said target molecule is associated with a 
pathological condition or genetic altra^on. 

20 17. The method of claim 1 1, wherein a plurality of nucleic acid sensor molecules is 

provided 

18. The meAod of claun 17, vdierdn a plurality of target molecules are detected. 

25 19. A diagnostic profile produced by the method of clahn 18. 

20. The diagnostic profile of claim 19, wherein said diagnostic profile is correlated 
with a wild-type state, a pathological condition, or a genetic alteration. 

30 21. A method identifymg a nucleic acid sensor molecule, the method comprising 

providmg a population of oligonucleotides, wherem said population comprises 
oligonucleotides comprising a first region comprising a random nucleotide sequence; 
contacting said population with a targ^ molecOlc^ and 
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#• 

<• 

id^itt^ng an oligonucleotide in said population that changes confonnation upon 
recognizing said target molecule. 

22. The method of claim 21, wherein said oligonucleotides further comprise one or 
S more fixed sequences coupled to said random sequence. 

23. The method of claim 22, wherein at least one of said fixed sequences includes at 
least a portion of a catalytic site for catalyzing a chemical reaction. 

10 24. The method of claim 23, wherein said catalytic site is selected from the group 

consistfag of a ligase site, self-cleaving site, a Group I catalytic site, a Group II catalytic site, 
and a hammeihead catalytic site. 

25. The method of claim 22, wherein at least one of said fixed sequences includes a 
IS sequence that &cilitates cloning or sequence of said oligonucleotide. 

26. The mediod of dahn 25, wherein said sequ^ice is selected firom the group 
consisting of a PGR primer site, an SNA polymerase primer activation site, and a restriction 
endonuclease recognition site. 

20 

27. The mediod of claim 21, wh»em said oligonucleotide is provided on a 
replicatable nucleic add sequence. 

28. The method of claim 29, wfaerem said replicatable nucleic acid sequence is a 
25 . plasmid. 

29. The method of claim 23, wherein said random sequence includes a target 
activation site with the random sequence, wherein said catalytic sequence is activated upon 
recognition of said target molecule to said target activation site. 

30 

30. The m^od of claim 23, wbmin said mediod iurther comprises 

(i) identifying target-molecule independent catalytic oligonucleotides in said 
population that have catalytic activity in the absence of said target molecule 
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(ii) removing said oligonucleotides fiom said population prior io contacting said 
population with said taiget molecule; and, optionally, 
iqpeaiing steps (i) and (ii). 

5 31. The mediodofclalm 23, ^eiein said metbod comprises 

(i) id^ti^g tar^t-molecule dependent catalytic oligonucleotides in said 
population, v^eiein said taiget:*molecule dependent catalytic oligonucleotides have catalydc 
activity iip(»i recognizing said target molecule; 

(ii) removing said tai^et-molecule dependent catalytic oligonucleotides from said 
10 population of oligonucleotides; and, optionally, 

repeating steps (0 and (ii). 

32. The method of claim 30, wherein said m^hod comprises 

(i) identifymg target-molecule dependent catalytic oligonucleotides in said 

15 population, wherein said target-molecule dependent catalytic oligonucleotides have catalytic 
activity upon recognizmg said target molecule; 

(ii) ]:emoving said target^oleculedq^endent catalytic oligcmucleotidesfirom said 
population of oligonucleotides; and, optionally, 

rq)eating steps (i) and (ii). 

20 

33. The method of claim 23, wherein said fixed sequence is a portion of a catalytic 
site, and said catalytic site is non-functional. 

34. The mediod of claim 33, wherein said oligonucleotide includes a 3' nucleotide 
25 couplable to a first signalmg moiety and a 5* moiety coiq>lable to a second signaling moiety, 

wherein said first and second signaling moieties diange proximity to eadh other upon 
recognition of said target molecule by said target activation site. 

35. Hie method of claim 34, wherein said first and second signaling moieties 

30 comprise a fluwescent label and a fluorescent quencher, and allosteric modulation of said 
nucleic acid sensor following recognition of said target molecule results in an increase in . 
detectable fluorescence of said fluoresce label. 
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36. The meihod of claim 34, ii^ardn said first signaling moiety and said second 
signaling moiety comprise fluoresce eosegy transfer (FREI) donor and acceptor groups, 
and allosteric modulation of said nucleic add sensor molecule following recognition of said 
target molecule results in a change in distance between said donor and acceptor groups, 

S theacd)ydbapgmgopticdprqp^esofsd^ 

37. The.metihod of claim 20, wlierdin said target molecule comprises a polypeptide. 

38. Hie method of claim 37, yfhemn said polypeptide is a secreted polypeptide. 

10 

39. Hie method of claim 37, wherein said polypeptide is a mmbrane-associated 
polypeptide. 

40. The method of claim 39, wherein said membrane is a plasma membrane. 

15 

41. The method of cldm 37, i^erein said polypeptide is a cytosolic polypeptide. 

42. The method ofclaim 37, wherdnsmd polypeptide comprises the amino acid 
sequence of a nuclear honnone receptor (NHR) polyp^de. 

20 

43. The metfiod of claim 37, wherran said polypeptide comprises the ammo add 
sequence of at least a fragment of a Giprotein coupl^ receptor (GPCR) polypeptide. 

44. The method of claan 43, wherein said GPCR polypeptide is a human GPCR 
25 polypq>tid6. 

45. He method of claim 43, wherein said polypeptide comprises the amino acid 
sequence of a ligand-binding portion of a GPCR polypeptide. 

30 46. Hie method of clahn 43, wherein said polypeptide comprises the amino acid 

- sequence ofa GPCR polypeptide. 
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47. The polypeptide comprises the ammo acid sequence of a phosphodiesterase 
(PDE) polypeptide. 

48. The method of claim 37, i^erein the confhnnatioii diange of said 

5 oligonucleotide upon recognizing said FDE polype{itide is depcDdeat on the presence of a 
cyclic nucleotide. 

49. The method of claim 48, wherein said cydic nucleotide is cAMP. 
10 SO. Tbc method of claim 48, indierein said qrclic nucleotide is cGMP, 

51. The method of claim 37, wherein said polypeptide is modified polypeptide. 

52. Hie method of claim 37, wherein said polypeptide comprises the amino acid 

1 5 sequence of a phosphodiesterase (PDE) polypeptide or a protein kmase polypq)tid6 (PK). 

53. The method of claim 52, wherein said PDE or PK polypeptide is a modified FDE 
or PK polypeptide. 

20 54. Hie mediod of claim S3, y/bmm said modified PDE polypeptide or PK 

polypq>tid6 is a phosphorylated PDE polypqytide. 

55. The mefiiod of claim S3, wheidn said oligonucleotide binds whh higher afiSnity 
to said modified PDE potypcftide or PK polypeptide than to an un-modified PDE or PK 

25 polypeptide. 

56. An oligonucleotide identified by the method of claim 20. 

57. A phirality of nucleic acid sensor molecules, tfie plurality comprising two or 
30 more nucleic acid sensor molecules., said two or more nucleic add sensor molecules 

comprising 

a target molecule activation site, the target molecule activation site comprising 
a structure that recognizes a target molecule and 
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an optica] signaling unit, wherein said optica] signaling unit includes at 
least one nucleotide coupled to a signaling moiety; and whei^in said 
rignaling moiety changes its optical properties upon an alloslnic 
modulation of said nucleic acid sensor moleccile following recognition 
5 ofsaid target molecule. 

58. The plurality of claim 57, wherdn said optical signalmg units in said two or more 
nucleic acid sensor molecules comprise a fiist nucleotide coiq>led to a first signaling moiety 
and a second nucleotide coupled a second signaling moiety, and \i«toein said first and second 

10 signaling moieties change proximity to each other upon allosteric modulation of said target 
molecule following recognition by said target activedon site ofsaid target molecule* 

59. The plurality of claim 58, wherein said first and second signaling moieties 
comprise a fluoresce label and a fluorescent quencher, and allosteric modulation ofsaid 

1 5 nucleic acid sensor following recognition of said target molecule results in an increase in 
detectable fluorescence of said fluorescent label. 

60. The plurality of claim 59, wherein said first signaling moiety and said seccmd 
signaling moiety comprise fluorescent energy transfer (FRET) donor and acceptor groups^ 

20 and allosteric modulation ofsaid nucleic acid s^isor molecule following recognition ofsaid 
target molecule results in a diange in distance between said donor and accq)tor groqps, 
tfamby changmg optical properties ofsaid molecule. 

61 . The plurality of claim 57, wherein said optical signaling unit in said two or more 
25 nucleic acid sensor molecules consist essentially of a first signaling moiety, wherein said first 

signaling moiety changes conformation upon recognition ofsaid target molecule to said 
target activation site, tiiereby resulting in a detectable optical signal. 

62* The plurality of claim 57, wherein said two or more biosensor molecules are 
30 provided in solution. 



63. The plurality of claim 57, wherein said two or more biosensor molecules are 
provided bound to a substrate. 
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64. The plurality of claim S3, wherein said substrate is glass, silicon, nitrocelhilose, 
nylon, or plastic. 

5 65. The plurality of cl^ 57, wherein said attachment is covalent 

66. Hie plurality of claim 57, iT^erem said attachment is honrcovalent 

67. The plurality ofclaim 57, indierein at least two members of said plurality 
10 reoogaizes dififeimt target molecules. 

68. A diagnostic system for detecting a target molecule, the diagnostic system 
comprising 

at least one nucleic acid biosensor, the nucleic acid sensor molecule comprising 
1 5 a target molecule activation site, the target molecule activation site comprising 

a structure that recognizes to a target molecule; and 
an optical signaling unit, wherein said optical signaling unit includes at least 
one nucleotide coupled to a signaling moiety; and wherein said signaling moiety 
changes its optical properties upon aliosteric modulation of said nucleic acid sensor 
20 molecule followmg recognition of said taiget molecule; and 

a detector in optical conununication widi said nucleic acid biosensor, wherein said 
detector detects changes in the optical properties of said nucleic acid biosensor. 

69. The diagnostic system of claim 68, fiirther comprising a llg|it source in optical 
25 communication with said biosoisor. 

70. The diagnostic system of claim 68, further comprising a processor for processing 
optical signals detected by the detector. 

30 71 . The diagnostic system of claim 68, wherein said system comprises a plurality of 

nucleic acid biosensor molecules, wherein at least two of said biosenscur molecules recognize 
two different target molecules. 
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72. A kit for detecting a target molecule, the kit comprising 

at least one nucleic acid biosensor, the nucleic acid saisor molecule comprising a 
taig^ molecule activation site, the target molecule activation site comprising a structure that 
specijBcally recognizes a target molecule, and wherein said optical signaling unit comprises a 
5 first nucleotide coupled to a first signaling moiety and a second nucleotide coupled a second 
signaling moiety, and wherein said first and second signaling moieties change prcxximity to 
each other upon allosteric modulation by said target molecule to**^* said target activation site; 

a reagent for attaching said first signaling moiety; 

a reagent for attaching said second signaling moiety; and, optionally, 
1 0 control target molecules; and, optionally 

one or more buffers for analyte detection. 

73. A method for identifying a drug compound, the method comprising 
identifying a nucleic acid biosensor-based molecule profile of target molecules 

1 5 associated with a disease trait in a pati^t; 

administering a candidate compound to said patient; and 
monitoring changes in said fHofile. 

74. The meOiod of claim 73, wherem said profile is compared to ibs profile of a 
20 le&rence population. 

75. The mediod of claun 73, wherein said reference population is a heatlfay 
population. 

25 76. The mediod of claim 73, wherein said ref^race population is a diseased 

population. 

77. A method for identifying a drug compoimd, the method comprising 
identifying a plurality of pathway target molecules; 
30 administering a candidate compound to a patient havmg a disease trait; and 

monitoring changes m tiie structures, level or activity of two or more said plurality of 
pathway target molecules usmg a nucleic acid biosensor biomolecule. 
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78. The metbod of claim 77, \)(4ieiein said dianges are C(»npaTed to a refoence 
pc^mlatton. 

79. The method of claim 78« whmin said reference pc^adon is a beaHhy 
5 peculation.* 

80. The mediod of claim 78, wherein said reference population is a diseased 
population. 
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G • U 
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A C 
U-A ^ 
C-G ''C ' • 
G*U • A 

C-G GC 
A-U 
C U 
U-A 
G-C 
jjGA G 

A A 

5'-GGOG0GAC ACGUUCCC-3 ' (SBQ ID NO:38) 

HSl.l 3'CGCACUG C UGCAAGG5* (SEQ ID N0:41) 

HS1.2 3'CGCACUG C DGCAAG 5* (SEQ ID N0:42) 

HS1.3 3" GCACOG C UGCAAG 5» (SEQ ID N0:43) 

HS1.4 3' CACUG C UGGAA 5' (SEQ ID N0:44) 

HS1.5 3' CACUG C DGCAAG 5' (SEQ ID W0:45) 



Fig. 15B 
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S^-GGCGUGACT ACGUUCCC-3' (SEQ ID NO:46) 
HS1.1 3'CGCACUG C UGCAAGG5' (SEQ ID NO:47) 



HS1.2 3'CGCACUG C UGCAAG 5' 
HS1.3 3' GCACUG C UGCAAG 5' 
HS1.3 3' GCACUG CUGCAA 
HS1.5 3' CACUGC UGCAAG 5' 



;SEQ ID NO:48) 
. ^SEQIDNO:49 
5' (SEQ ID NO:50 
"^SEQ ID NO:51 



Fig. 16 
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